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PRESENT TENDENCIES IN BIOLOGICAL 
THEORY’ 


By Professor WILLIAM MORTON WHEELER 


BUSSEY INSTT! ION, HARV 


Ainsi, 1’étre vivant ne constitue pas finds that biology has been steadil 
ine exception a la grande harmonie going to the dogs ever sinc the Ri na . 
naturelle qui fait que les choses a ae rea 
s’adaptent les unes aux autres; il ne sance, though , ‘lear, as Whitehead 
rompt aucun accord; il n’est ni en has noticed, that ‘‘the biological s 


contradiction ni en lutte avec les as effective schemes of thought 
forces cosmiques générales; bien loin barely one hundred vears old 
de la, il fait parti du concert ‘ : 


universel des choses, et la vie 


ae other recent theorist, Bertalanffy, 


l’animal, par exemple, n’est qu’un lieves that biology has 
fragment de la vie totale de |’univers. stage corresponding with pre-Copernican 


"he ide S¢ "” . 
Claude Bernard. astronomy and physics, and ma 


. a 7 that the biologists have not vet 
Most scientific investigators are, no 


loubt, satisfied with the course of devel- 
pment and optimistic in regard to the 


ered a single law, that what they 
been fondly calling laws are merel) 


3 : : ; _ or generalizations. ( ror 
future of their own specialties. There eneralizations. He would pr 


are always theorists, however, who, in an 
endeavor to view particular sciences as 
wholes, find cause for considerable dis- 
satisfaction with their existing condition 
and tendencies, and biology is most lia- 
ble to become the object of such dis- 
paragement, especially during periods 
like the present when the adjacent 
physico-chemical sciences are wunder- 
going revolutionary and brilliant trans- 


regard the ‘‘biogenetie law’’ 

more than an inference or < 

As proot of his contention he insta 
the frequent naming of physical laws 
after their discoverers and the absencs 
of this practice among biologists, except, 
of course, when they mistake mere rules 
for laws as in the ease of Mendelism 
Indeed, one infers that biologists, unlike 
physicists, do not understand the meat 


ing of scientific legality and would n 


formation. Some dwell on the deplor- 
able ‘‘Zersplitterung’’ and dearth of 
adequate theory in the life-science (e.g., 
Schaxel?). One erratic historian, Radl,* 


recognize a law if they saw one Not 


only have they failed to secrete thi 


proper theoretical cohesive for their in 


*Gescel 


1 Address given by invitation at a general E. Radl, 
session of the American Association for the Theorien in der N 
Advancement of Science, American Museum of 1913, p. 147, 161, 27 
Natural History, New York, December 29, 4A. N. Whit 
1928, rn World,’’ Lond 

2J. Schaxel, ‘‘Grundziige der Theorienbild- 141. 
ung in der Biologie,’’ 2 Aufl. Jena, 1922, p. 5L. Bertalanffy, 
l, ff. Formbildung,’’ Berl 
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numerable and highly heterogeneous 
data, but they are still addicted to the 
use of a medieval and Aristotelian glue 
compounded of such antiquated ingred 

ents as Cartesian mechanics, potentiali- 
ties, dispositions, determinants, instincts, 
impulses and purposes. And to increas 
our discomfort, we are warned by some 
theorists that unless we make haste and 
produce a few Einsteins who ean fur- 
foundation for 
economics, 


nish a sound scientific 
individual and social ethics, 
politics and human genetics, our who! 
race will be asphyxiated under the flood 
of machines and other contraptions that 
from the 
The theo- 
present 


keep pouring down on us 
fecund womb of technology. 
therefore 
biology as a crisis, but they 
Perhaps 


rists speak of the 
state of 
make it look more like a mess. 
we ought to study the situation. 
We must ruefully admit, I believe, 
that biology does present an appearance 
This is mani- 
inconceivable 


of extreme confusion. 
festly due in part to the 
intricacy of the sector of reality whic! 
the biologists have undertaken to ex- 
plore and partly to the situation of this 
sector midway between physics and 
chemistry on the one hand and philoso- 
phy on the other. This situation has 
both its advantages and disadvantages, 
and one of the latter is certainly the 
discomfort which the investigator, who 
is necessarily a specialist, suffers from 
exposure to so many winds of doctrine, 
blowing from such diverse quarters. 
Some of these winds, laden with the 
heady odors of relativity and atomic 
blow steadily from the 
domains of physics and cosmogony, 
while others, more intermittent, and 
saturated with staler effluvia, blow from 
the quagmires of epistemology and 
metaphysics, and, of course, we must 
not forget the odoriferous doctrinal 
gusts that are always rising from the 
more active portions of the biological 
field itself. How can we blame the in- 
vestigator if he complains of the 


theory, now 

















} 
Iie 


draughts and hurries away to t 
sion of his own specialty? 

Yet the theorists may be right 
suring this behavior on the groun 
the investigator needs the open a 
if it is not always very fresh. W 
reminded that it is neither the obs 
tional and experimental data 1 
investigational methods, but th« 
that are the essential, vital const 
of a science. It would be easy t 
that they can not 
circumscribed the prol 


be dispensed 
however 
research, and it would be almost 
to show that an abiding interest 
more comprehensive theories—thos 
ceived in the grand manner—is 
prevents our sciences from lapsing 
little more than empirical routin 
need hardly say that I am employ} 
word theories in this paper in 
broad sense to include 
generalizations and fictions, as that 
is used by Vaihinger in his philos 
of the ‘‘as-if,’’ a polite substitut« 


also hy | 


phrase ‘‘lies, damned lies and 


ties.’ Since we seem to be justi 
concentrating on the regnant thi 
a science as the best expression 
tendencies during any particula: 
the discussion may be largely cont 
a consideration of some of the di 
theoretical interests in pres 
biology. 

We might divide the tendencies 
three groups: those which biolog 
broadest sense shares with all th 
those peculiar to part 
biological sciences and those that 
nate either in some one of the latt 
in some non-biological science and 
to spread over the whole b 
domain. Well-known tendencies 
mon to all the seiences at the 
time are, of course, the pro 
accumulation of empirical data 
intense specialization and different 
of the methods and devices for 
trating reality that are demanded 
investigator’s urge 


seiences. 


} 


for more ert 
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my dis] 








TENDENCIES IN BIOLOGICAL THEORY 


The tendencies 
1 the various biological sciences exhibit 
Some of the 
be- 


accumulation of 


ana 
alia 


lysis of phenomena. 


extraordinary diversity. 
lder sciences, like taxonomy, have 
me largely routine 
ata and their discriminative refinement 
nd systematization, while others, like 
heaving with 

Sehaxel has ealled 

theoretische Verwilderu is In 
me of the the births and 


if iths of hypothes« Ss succeed one another 


are instability 


renevtics, 


nd display what 
sciences 


with truly mode rn, if not always com- 


mendable speed, while the hypotheses 


it can maintain their vigor seek to 


preempt as much as possible of biologi- 
thought. 


of course, 


Some of these hypotheses 


faneiful or 


emulative, 


merely imitative, but probably none of 


altogether useless. There are 
so what might be 


tendencies, such as the deficiency of his- 


em 1s 
ealled negative 
which characterizes 
and 


suggested, to 


rical sense, our 
due, as 


gradual 


may be 
the 


whole civilization 
Tilgher has 
rising to control of a new social class, the 
proletariat, just as the eighteenth cen- 
tury’s neglect of history was due to the 
rise of the bourgeoisie. 


Sociology 
Psychology 
Anthropology 
Ethology 
Pathology 
Physiology 
Genetics 
Morphology 
Paleontology 
Biogeography 
Phylogenetics 


Taxonomy 


It would be impossible in the time at 
my disposal even to catalogue the more 


em] 
sketch of the 
have had suffi 
and generality 


ticns of 


the wW 
sketch will 
contours 
doze n od 
according 
finities 

It will 
sciences havi 
pendence n 
cated interr 
best be repr 
the three 
purpose, 


rangement 


Taxonomy 


Phylogenetics 


Anthropo 


Og\ 
Psychology 


Sociology 
and psychology, if we insist on their 
inclusion, at the top and phy! 
and taxonomy at the bottom. 
this 


sense ol values, if onl 


wenet 
But 
kind a 


any 
arrangement of 
our 
first 
inferiority. 


arouses 


cause and last suggest 


and 


superiority 
The sociologists and 
psychologists would that this ar 
rangement is quite acceptable, though 
they might differ as to which of their 


Say 
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respective sciences should head the list. 
The physiologist, too, might be satisfied 
and contend that his science is naturally 
at the very heart of the whole series, or 
he might liken the list to a ladder ex- 
tending from the earth’s interior to the 
heavens, with the sociologists and psy- 
chologists among the clouds, the taxono- 
mists and phylogeneticists in the waters 
under the earth with the other blind 
fish, and himself with his feet 
solidly planted on the lithosphere. The 
dissatisfied taxonomist, however, might 
insist that the whole series should be in- 
verted and likened rather to the ascend- 
ing scheme of the Divine Comedy. He 
might say that the writhing and vocifer- 
ous psychologists and sociologists should 
be consigned to the Inferno, that the 
physiologists and their neighbors, the 
geneticists, belong together with their 
eaged and vivisected animals in the 
Purgatorio and that the taxonomists 
alone abide in the opalescent effulgence 
of the Paradiso among the Platonic 
ideas and essences which from time to 
time deign to descend as the species and 


alone 


genera to incorporate themselves in the 


organic individuals. Fortunately, we 


Anthropology 
Ethology 
Pathology 
Physiology 
Morphology 
Paleontology 
Biogeography 
Phylogenetics 
Taxonomy 


Geneties 


, 
4 


Sociology 
Psychology 


ean avoid these unhappy evaluative 
dissentions by simply turning our origi- 
nal series through an angle of 90° and 
likening it in its new position to a spec- 
trum, an advancing army or a parilia- 
mentary body with a right, conservative 
wing (taxonomy and phylogenetics), a 
left, radical wing (sociology and psy- 
chology) and a Catholic center (physi- 
ology and genetics). 

I shall not deny that all this seems 
fanciful, or even puerile, but I wish to 
use the horizontal list, which places the 
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biological sciences on the same ley 
a background for more 
which it 


serious ( 
erations, seemed best 
proach by first eliminating some 
superficial emotional antagonisms 
appear to be fostered by our traditi 
hierarchical arrangement. It w 
noticed that the 
the sciences are printed in heavy 
other half in lighter type. This 
for the purpose of emphasizing ; 
evaluative distinction, that of 
tance and insignificance, but to 
attention to the difference betwee: 
pure and mixed sciences. The 
are often the older and are clear! 
more independent in their 
theoretical structure. Taxonomy) 
deed, is quite independent, becaus 
the one biological that | 
theory, being merely diagnostics 
classification. Modern taxonomy 
of course, assume a new significan nthet 
the light of evolutionary theory dude 
rowed from phylogenetics, but it w that of 
probably have reached its present s' mente ¢ 
of development if that theory had 
been thought of. Phylogenetics 
phology, physiology, tween 
sociology have clearly marked | Q merly ¢ 
theoretical conceptions which ar 


+ 


names of one |} 


science 


sition 


pri 
ssible 
psychology 


mized in the terms ‘‘history,’’ we 
ture,’’ ‘‘function,’’ ‘‘mind’’ and 
ciety,’’ whereas the remaining bi: 
sciences derive so much of their t 
from their neighbors in the series mminen 
they may be called mixed or bie ind an 


Thus genetics combines | Pooiiaas 
sh ‘ 


sciences. 
phology and physiology with an « 
though somewhat negativistic relat nsycholos 
taxonomy and phylogeneties; ethnol ms resol 
or ecology as it is usually called me of 

physiology, psychology, morpholog 

biogeography 


ungeney 


to bring 
phylogenetics ; 
taxonomy, ethology, 
phylogenetics ; paleontology is a n 


ppositioy 
between t 
equired | 
of taxonomy, morphology, phylogenet the prese: 
and ethology. In pathology the 
phology, physiology, psychology 


paleontolog 


*See M. 


Londor 


TENDENCIES IN 


hvlogenetics of diseased organisms are 


mbined, and anthropology may b 


egarded aS a mixture of nearly the 
le series of the biological sciences in 
far as they have theoretical material 
licable to man. The origin and 
endid development of geneties within 

e past three decades suggest that other 
mixed sciences may arise in the future. 
Each is characterized by its 
eoretical and 
urse, conditioned by the peculiar in- 
terests of the investigator and the par- 
reality to which they 


science 


constitution this is, of 


ticular sector otf 
re directed. It is not surprising, there- 
re, that the sciences should be afflicted 
an extraordinary number of logical! 
ppositions, dilemmas, or contingencies 
etween their theories. the 
ppositions may be very persistent while 


Some of 


thers are capable of resolution or com- 
position as higher or more 
vnthetie theory has been excogitated to 
nelude them by a process not unlike 
that of the resolution of opposed state- 
ments or propositions in dialectics, on 
he principle that resolution is always 
ossible between oppositions but never 
between contradictions. Thus the for- 
merly opposed theories of light and 
electricity in physies have been harmo- 
nized and the between the 
whole sciences of physics and chemistry 
re being smoothed out in recent atomic 
theory. A similar resolution seems to be 
mminent between physiology on the one 
and and chemistry and physics on the 
ther. Of course, the most acute con- 
tingeney in that between 
psychology and the other sciences and 
ts resolution is not in sight, though 
some of the behaviorists are struggling 
to bring it about. Many less flagrant 
ppositions might be cited, such as that 
between the theory of the inheritance of 
acquired characters in phylogenetics and 
the present theories of genetics: within 


Soon as a 


conflicts 


biology is 


®See M. J. Adler, ‘‘Dialectic,’’ New York 


and London, 1927, p. 188. 


BIOLOGICAL THEORY 


+ 


morphology, na 


+ } 


tLVpoloe’\ ol compar: 


experiment 


the dynamic typology of 


embryology; within phylogenetics, that 


between the monophyletic and 
phyletie theories of descent. ete. 
vet he possibli 


these cases it may 


vent more comprehensive theori 


will compose the contingencies a1 

which the opposed theories may 

duced. The whole matter of the logl 
contingency of theories is very comp] 
Adolph Meyer has 
shown in a valuable but rather abstrus: 
here, be 


dualism 


recenti\ 


eated, as 


touched on it 
by the 


orientations 


have 
illustrated 


essay.’ | 
cause it is 
between 
that have an important bearing on 


eertain ideas or 
biological sciences as a whole. 
I return to our horizontal! 
I have covered with two gray, 
overlapping areas as a rough 
dication of the distribution 
nance of these two ideas in the 
parliament. 


seen 


j 
y 
» 


hee 


ito 
dopradh 


Phylogenetics 


\ 


x 


i Paleo 


Sociology ] 
Psychology 


Bio 


j 
j 


a 


darker is concentrated in physiology 
and the 
experimental morphology, genetics and 


rapidly dwindles 


immediately adjacent sciences, 


pathology, and awa' 
towards the two wings. It may be taken 
to represent theoretical preoccupation 
with ality Th 
larger area is 
and spreads rapidly 


inframicroscopic 
much constricted in 
center tow: 
either end and may be taken to r 
sent preoccupation with larger 

larger microscopic and macroscopic 


tities. At the extreme wings these may 


‘¢Kontingenzerseh¢ 


Theorien. ’’ 


7A. Meyer, 
naturwissenschaftlichen 


1, 1926, p. 233-268. 
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be very comprehensive, as, é¢.g., in tax- terpretations rather than explanat 
onomy, with the whole existing fauna or The physicist, on the contrary, is 
flora or the whole biota considered as a_ interested in the individual and w 
unit, or in sociology with the whole’ but in the general, or universal, qu 
Great Society, or the human race re-_ tative and therefore measurable as 
garded sub specie societatis. of phenomena. He ignores the 
The same diagram may be used to tional, evaluative and purposive 
illustrate the scope of two other more  eonfines himself to a purely rationa 
important eontingent conceptions, or planation of the recurrent uniform 
ideas, which have been emphasized by a _ or laws of reality, which he deter: 
whole school of German philosophers by analytical experiment and ex} 
and historians, comprising Windelband, jn the exact language of mathem 
Troeltsch, Simmel, Rickert,’ Miinster- These schematic differences betwee 
berg, Mehlis,° Kroner’? and Meyer,"* jdiographic and nomothetie appr 
who designate them as the ideas of his- to actuality have been greatly am 
torism, or the idiographie and natural- jin the works of the authors to w! 
ism, or the nomothetic. To some of have referred and especially in R 
these writers they represent the two erudite treatise. which is now a ¢ 
most significant directions of modern They have used the contrast to just 
thought. Their differences are best dichotomy of the sciences into G 
illustrated by the sharp contrast be- wissenschaften (history, sociolog 
tween the investigative orientation of chology and philosophy) on th 
the historian and that of the physicist. hand. and Realwissenschaften, or 
The historian is interested in individuals yral sciences on the other. 
and therefore in unique, more or less admitted, however, that biolog 
irrational, temporal manifestations of hybrid in which both idiograpl 
the real and in the values and purposes nomothetice tendencies struggle 
they assume, especially in their social pression. Recently Kroner and 
and cultural relations. Since his inves- have discussed the situation 
tigations are confined to the past he is science. and Kroner has shown tf] 
debarred from experiment and since he ‘‘historiec’’ aspects of geology at 
eenters his attention on the qualitative, mogony do not really fall wit! 
rather than on the quantitative, he can jdiographie scheme. 
dispense with mathematies and employ Although the general validity 
verbal description, devoid of a special, two contingent ideas has beer 
technical vocabulary. He is more or less tioned. especially by Ténnies,?? Ca 
intuitive and may be said to be in search and Héffding,’* they do seem 
of meanings and symbolisms rather than 
causality, so that his corclusions are in- 


\T 


i2F,. Tonnies, ‘‘Gemeinschaf 
schaft,’’ 3. Aufl. 1920; see < 

8 H. Rickert, ‘‘Die Grenzen der naturwissen- Einfiihrung in die Philosophie 
schaftlichen Begriffsbildung,’’ 3. u. 4 Aufl. 3 Aufl. Leipzig, 1908, p. 182; 
Tiibingen, 1921. ‘‘Die Philosophie der Geschicl 

9G. Mehlis, ‘‘ Lehrbuch der Geschichtsphiloso- gie,’’ 1. Teil, 3 u. 4 Aufl. 
phie,’’ Berlin, 1915. 32, ff. 

10R. Kroner, ‘‘Zweck und Gesetz in der 13 E. Cassirer, ‘‘Substance and 
Biologie. Eine logische Untersuchung,’’ Tii- Einstein’s Theory of Relativity.’’ 
bingen, 1913, and ‘‘Das Problem der his- W. C. and M. C. Swabey. Chicago 
torischen Biologie,’’ Berlin, 1919. don, 1923, p. 221, ff. 

11 A. Meyer, ‘‘Logik der Morphologie im 14H. Héffding, ‘‘La Relativité 

} 


Rahmen einer Logik der gesamten Biologie,’’ phique.’’ Trad. par J. de Coussange. 


Berlin, 1926. 1924, p. 135, ff. 
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biological domain somewhat as rep- 
resented in my diagram by the dark and 


rot gray areas. Nevertheless. since 


ogists of all persuasions are real 


I i 
ser to one another than they are to 


philosophers, chemists and _ physi- 
ists, the nomothetes have become in 
‘ted with historism and the idiog- 
hers with naturalism. The languags 
ith parties, therefore, is often so 
nfused as to elicit from the episte- 
ogists and theorists very disparaging 


marks like those reported in the first 


aragraph of this paper. It is worth 
ting in this connection that the theory 
evolution, or transformism—the only 
ry in the really grand manner that 
logy has given to the world—is obvi- 
isly historistic and a creation of the 
ographers. It has profoundly in- 
enced even the philosophers and his- 
rians and is now invading atomic 
eculation. It is not surprising to find 
refore, that the physiologists often 
ise such words as ‘‘organ,’’ ‘‘function,’’ 
rganism,’’ ‘‘adaptation,’’ ‘‘genesis,”’ 
eredity,’’ ‘‘development,’’ which cer- 

y do not belong to their proper 
mothetic, but to the idiographic, or 
storistie idiom. Of course, the physi- 
wists might say that they use such lan- 
guage only when they are talking in their 
sleep or under the influence of anes- 
ties. The idiographers, on the other 
nd, feel that they have a perfect right 
to use nomothetie language, though they 
avoid it as a rule, not because it offends 
wainst good taste, but because it is too 
neise to serve as a medium for their 
wn more exuberant lucubrations. It is 
nly when a true philosopher like Hans 
Driesch enters the biological pasture 
that the idiographic sheep and nomo- 
hetie goats are made to realize the full 
quity of their contingencies. He in- 
rms the sheep that they are really 
woolly teleologists and the goats that 
they are nothing but hairy mechanists, 
and that he can make them all lie down 


and ruminate t 
permit hin 
creatures, 

from the 

as go-betw 


+ ; 
Tressil 


1) l¢ sch. 


were keenly 


between 
Driesch, wl 
the biologic 


(Fy 
convines 
] 
word-rea 
: | 
bio oVvy 
Cartesial yhvsies, are 
he nomoth« 
biologists were 
ives he fore Mee] nism. some 


more bolshevistie pl 


ysi¢cl 
ily carried it 

sea. Most of 

keep mum 

sionally one 

berate the 1 

their tin de 
Whitehead, 

ous of mat! 
referring 

that have 
worshippe 
touch of irri 
talking about 
when you do not 
by mechanies?’’ 
physicist as Pr 
to imply tha 


; 


who are s 
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fessional. He says: ‘‘I believe many contingency between the historistic 
will discover in themselves a longing for naturalistic ideas, and the quest 


mechanical explanation which has all arises as to whether there are any m 


the tenacity of original sin. The diseov- of overcoming their opposition. | 
ery of such a desire need not occasion lieve that there are at least three r 
any particular alarm, because it is easy theories, which, with some mutual! 
to see how the demand for this sort of justment, might yield a_ provisi 
explanation has its origin in the enor- synthesis, or at any rate clarify the 
mous preponderance of the mechanical in flict. These are the theory know: 
our physical experience. But neverthe- emergence, or ‘‘holism,’’ the config 
less, just as the old monk struggled to tion, or ‘‘Gestalt,’”’ theory and behav 
subdue the flesh, so must the physicist ism. The first had its origin in « 
struggle to subdue this sometimes irre- temology, the second in psychology 
sistible, but perfectly unjustifiable de- the third in ethology. The theom 
sire.’’ Driesch’s first mistake was that holism, first elaborated by Alexand 
ot accepting the mechanistic theory at C. Lloyd Morgan.'® and Smut 
its face value. Then he went astray in and recently approved by Haffdir 
construing the phenomena of regulation Oskar Hertwig,* R. B. Perry,?? L 
and adaptation as manifestations of joy,”* Bertalanffy,2* Ritter and Bail 
teleology, or design. He therefore set and others, starts from the considerat 
about the conciliation of the animals in that the properties of a whole, as dis 
the biological pasture in the wrong man- euished from a mere aggregate. sum 
ner. He should have told the goats that collection, though determined by 
they were miserable sinners and the jnterrelations and interactions of 
sheep that they were sentimental softies parts, are nevertheless novel and, ex 
and have preserved a discreet and abso- after previous knowledge of the mod 
lute silence in regard to the entelechies composition of the parts, unpredict 
and psychoids that were quietly munch- im 
ing ectoplasm and other spiritual fodder , ns apna, “ages, Tim 3 
: 2 vols., London and New York, 1920. 
in the transcendental corral. 13C. L. Morgan, ‘‘Emergent Evol 

It is well known that vitalism has London and New York, 1926. 
many more lives than the proverbial cat 9 J. C. Smuts, ‘‘Holism and Ey 
aid that it periodically invades and con- — porhenng York, =_— 
fuses biology, introducing its meta- 21 yg aes er Rag sien 
physical entities for the purpose of  ismen,’’ 3. Aufl. Jena, 1922 
resolving theoretical conflicts, just as 22 R. B. Perry, ‘‘General Theory 
the gods were brought down in the New York and London, 1926. 
machine to straighten out the plots of —— = Lovejoy, on en 

7 gence and its Modes,’’ Journ. Philo 

the Greek drama. That we have again 9 pp. 167-189. 
entered on a period that abhors such 24 Loco citato. 
artifices is shown by the literature, in 2 W. E. Ritter and E. W. Bailey, 
which references to Driesch’s entele- O7S#ismal Conception, Its Place ir 
. ‘ and its Bearing on Philosophy,’’ U: 
chism, the most serious and elaborate pip) gool. 31. 1926. p. 307-358. For 
attempt ever made to provide biological tional bibliographic references to emerg 


de t ex mae hina, are becoming inereas- my booklet, ‘‘ Emergent Evolution and 
velopment of Societies,’’ N. Y., W. W. N 


ingly rare. The same is true of Berg- : 
& Co., 1928. Professor Lovejoy has ca 


son’s ‘‘élan vital,’’ which naturally 

a . — m attention to an early, lucid statement or 
played a greater role in philosophy. We gence in Maudsley’s ‘‘Body and Will,’’ 
still have on our hands, therefore, the p. 132. 
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That this ‘‘ecreative synthesis’’ is an 


mpirical fact is shown by all chemical 
ompounds and may be generalized to 
nelude all molecular, 
olloidal, cellular, organismal, psychical 
social. There to no good 
ason why we should not throw in also 
such astronomical the 

nets, comets, solar system and galax- 


wholes, atomic, 


seems be 


wholes as suns, 
ies for good measure, though we may 
ave to stop this side of the universe 
because we can never know whether it is 
in emergent, even if it should prove to 
a whole. 

In all these existants we behold an in 
explicable ‘‘social’’ tendency for wholes 

combine and cooperate with wholes to 
form wholes of higher orders, or ‘‘lev 
els,’’ with new emergent properties. It 
ippears to follow that at each level laws 
become operative which can not be for- 
ulated for emergents of lower levels, 
not 


ough the converse is necessaril 
rue. Hence the 


unctional relationships with which the 


causes, or uniform 
hiologist sens. str., the psychologist and 
logist are differ from 
of the and chemist, 
though the physicochemical laws are not 
nnulled in singular emer- 
gents as the organisms. All this is such 
, commonplace that its significance was 
verlooked till quite recently. The nov- 
lty stressed by the writers who have 
expanded this 
gence into a theory of creative evolution 
s evidenced by the psychical shock, or 
feeling of surprise which we experience 
the individual 


coneerned, 


physicist 


Those 


even such 


commonplace of emer- 


confronted with 
emergent. 

The Gestaltist, or configurationist, is 
so dealing with wholes, but he is more 
nterested in their peculiar irreducibil- 


when 


ty as patterns either in space or in time 
than in their novelty. As illustrations 
eC points to such wholes as are repre- 
sented by identical designs in different 
olors on a uniform background, or the 
same melody played in different keys. 
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different in 
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by 
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Behaviorism, 
logical form 


which it has been given 
aiso concerned with wholes, 7.e., w 
the 
ronment 


whole organism 


action patterns ol 
response to itS eny 


not 
uration 


SO much the hove or 


this 


iT} 
ot response 


regulative and adaptive 
the 


has 


interests beha\ orist 


tendency been so 

behaviorism, 

attitude of invest 
of the 
] 


phy siologist. | 


has 


since I 


igators I 
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one ological sciences 


psy holog ST 
have all 
and 


athologist, 
anthropologist and sociologist 


evel 
phylo 
adopting the behavio1 


been profound), il fluenced, 


students of and 


paleontology 
genetics are now 
ist’s point of view 
and b 


Emergence, configuration 


haviorism are so similar that we may 
regard them as so many partial asp 
of the single conception which has bee 


called 


organisms, 


‘organicism The indiv 


eonstitute the 


certainly) 


which 
materials of biology, are 
peculiar emergents They may, of 
course, be described as spaciotempora! 
events or as equilibrate systems but such 
descriptions seem singularly depauper 
ate to the 


regard them as very highly 


biologist, who prefers t 
integrated 
organized wholes endowed not only w 

the 
development and reproduction but a 
of 


significant results of their own 


acitie growth 
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marvelous cay of 


accumulating and registering tl 
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experience and of that of their ancestors 
over enormous periods of time and of 
deploying at least a distorted epitome of 
these results in their successive genera- 
They indeed, historical 
Boveri** maintained. The 
orientation and methods of 
there- 


tions. are, 


beings, as 


investigative 


the historistic biologist as such, 
fore, required no justification. 
The peculiarities of organisms are 


surely sufficiently extraordinary to make 


them the objects of an independent, 
unitary group of sciences, biology, but 
all recent researches have shown that 


they are not sufficient to warrant appeals 


to mystical ‘‘organizatory factors,’’ ‘‘in- 


minds’’ 


: and ‘‘social 


In as much as the 


stinets,’’ ‘‘souls’’ 
to account for them. 
novel organic emergents are due to the 
interaction of their parts it is necessary 
to investigate these parts and their inter- 
relations if we are to have even a partial 
explanation of the whole which they 
constitute. Hence the nomothetic biolo- 
gist is also thoroughly justified in his 
physicochemical attitude and 
Regarding things as wholes, 


analytic 
procedure. 
no matter how much aesthetic satisfac- 
tion or mental repose one may derive 
from their contemplation, is not scien- 
tific explanation. I conclude, therefore, 
that there no conflict between the 
idiographers and the nomothetes among 
the biologists sensu stricto; they are 
merely working on two different levels, 
the physicochemical and the organismal. 
But organisms have also developed two 
other levels, those of mind and society, 
and it is the intrusive theories of their 
devotees, the psychologists, sociologists 
and philosophers, that disturb the har- 
Only those 
who 


1S 


mony of the biological flock. 
biological historists, therefore, 
affect these theories, should be shorn of 
some of their wool to make them look 
more like goats. I allude, of course, to 
such lanuginous conceptions as ‘‘indi- 

27 T. Boveri, ‘‘ Die Organismen als historische 
Wesen,’’ Festrede 3 jahr. Bestehens Univ. 
Wiirzburg, 1906, 33 pp. 
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viduality,’’ 
**potentiali 





‘‘value,’’ 


ty.”” 


**purpose’’ 


Theoretical conceptions have inst 


mental 


significance only on 


the 


nomenal level to which they belong 


become 


little 


more 


than 


when employed as explanations at « 


levels. 


ical, psychological and sociological 


tions like those just 
earried down to the 
physicochemical levels. 
individuality, in the 


mentioned 


organismal] 


iy r ¢ 


sense 


of u 


This is obvious when philos 


xan 


ness, loses much of its mystery in biol 


since it is seen to increase at each hig! 


emergent level as a function of the 
interaction 


creasing 


multiplicity, 


integration of the parts in the wh 
that an atom will naturally have 


little, 
human 


an 
pe 


uniqueness. 


organism 


rsonality 


m 
a 


uch more 


fvreat ( 


] 
l¢ 


finability of the individual, whic] 


such a mesmerie effect on the hi 


S 


The irrationality and 


+ 


of the Rickert school and on many 


f 
yi 


losophers, 
emergent 


are 
a 


as 


really 
novelty. 


aspects 


) 


? 


sense, that of temporal and spacial 
sistence, individuality is implied 


whole as an integration or organiz 
Some writers, notably 
Whitehead?® 


of 
and more 
Hoffding,? 


parts. 


recently 
° if I 


understand 


them 


‘ 


n 


rectly, regard mere persistence or 
vival as the fundamental peculia 
but the petering out du 
the past seventy years of the th 


‘*value,’’ 


the survival of the fittest, in whic! 


conception of value is implicit, s! 
that it is far too vague or philosop! 
to be of any use to the biologist 
was to be expected, because the t! 
of the survival of the fittest, or 


selection, really came 
sociologists of the old evaluative s 


Herbert 


Spencer 


and 


to us 
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Malthus 


course, the ever-increasing tende 
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purge the biological sciences, including 
psychology and the new sociology, of all 
‘‘values,’’ does not imply that these may 
not be extremely significant in such 
purely hoministie sciences and pseudo- 
sciences as aesthetics, logic, ethies, eco- 
nomies, history, metaphysics and the- 
ology. 

Potentiality, or possibility, is another 
philosophical notion that could hardly 
fail to be taken over by the historistic 
biologists when they began to study the 
ntogenetic development of organisms. 
persisted, under 
Aristotle 
lasties as the ‘‘virtues’’ or 
ties’’; later as ‘‘preformation,’’ or 

in the old sense, and more 


It has various dis- 


guises, since among the scho- 


*“*oeeult quali- 


“evolution, ’’ 
recently as the ‘‘germplasm’’ in theories 
ff Weismann and his school. Here the 
notion elaborated in such detail 
that it soon revealed its true nature 

the passing off of the photograph of a 
problem as its explanation. When ex- 
erlmental embryology got under way 


was 


there was still much talk of ‘‘ prospective 
but the 


conceptions soon 


ttencies,’’ or possibilities, 

of these 
became apparent, and the words ‘‘pre- 
determination’’ or ‘‘Anlagen’’ were 
substituted. In this case we again see 
the gradual supersession of a misplaced 
useful, though not 
scientific concept. One 
often has the impression, however, that 
the dormitive virtues which Moliére 
satirized are still soporific, not only in 
the literature of 
that of comparative psychology where 
they are called ‘‘instinets.’’ In the 
meantime the dialecticians inform us 
that the realm of possibility is the pecu- 
liar and exclusive province of the phi- 
losophers, whereas the proper province 
of science is actuality. If I understand 
Adler correctly, the realm of possibility 
is So inexhaustible, that the philosophers 
can keep up disputation within its con- 
fines till the end of space-time and then 


philosophical by a 


very precise, 


genetics but also in 


‘ 


BIOLOGICAL THEORY 


start all over agai 
fore, generously 
the biological 
and felicitate 
potency of the 
Purpose, 


or 


be found 
tion as 
sueceeds in 
phenomena 
adaptat 
lations’’ 
notion of 
interpretation 
by Prof 
Says: vial 


and 


ssor 


compos 
‘means,’ an 
properties 

supposes tl 


e€XIStS ani 


| 


implied 
and reprehensible is the statement 
infrequently encountered ev 
ganicist writi 
mines the relat 
this. too, seems 
implies anything 


mines the mea 


but 


stressed the 


be greatly olonged., 


have sufficientl: 
of theoretical co epts when 


from hicher to lower levels where 


they merely introduce confusion 

y different picture is 
the theoretical 
arisen naturally from the man 
] 


? 
Gata 


Drese 


structures tl 


of the empirical in any part 
science and therefore belong 
to its own universe of di 
allude to such conceptions is the ‘*sne 
taxonom( the 
lineage,’’ phy! 


ies; Waagen’s ‘‘mutations’’ in paleontol- 


cles, or taxon in 


7 or ‘‘phylon’’ in ogenet 


0 Loco citato, 153. 





ogy; ‘‘age and area’’ in biogeography ; 
the ‘‘type,’’ or ‘‘character’’ in morphol- 
ogy; the ‘‘gene’’ in genetics; the ‘‘re- 
flex-are’’ in physiology; the ‘‘biocoen- 
ose’’ in ethology; the ‘‘abnormal’’ or 
‘*atypical’’ in pathology; ‘‘race’’ in an- 
thropology ; the ‘‘eomplex’’ in psychol- 
ogy and the ‘‘socius’’ in sociology. 
Most or all of these are really fictions, 
or ‘‘as-ifs,’’ in Vaihinger’s sense, but 
their practical, heuristic and synthetic 
usefulness is beyond dispute.* 
Organicism, conceived as emergence, 
seems to me to resolve the opposition 
between historism and naturalism, at 
least in the forms assumed by these ideas 
in biology. Emergence can not offend 
the physiologist, because there is nothing 
mysterious or unscientific about it. The 
same is true of the configurationist’s for- 
mulation of organicism, since configura- 
tions, or ‘‘Gestalten’’ occur also among 
purely physical phenomena, as Koehler 
has shown. And the radical behaviorists 
are not only outspoken holists, but adopt 
a decidedly hostile attitude towards 
many of the philosophical ‘ 
in biology, like those I have been consid- 
ering. On the other hand, the theory 
of emergence must be welcome to the 
historistie biologist, because it releases 
him from the Procrustean bed of mecha- 
nism and enables him to express freely 
the firm conviction which he has always 
shared with the historians and philoso- 
phers, that evolution, both in its pro- 
gressive and retrogressive manifesta- 


‘residues’’ 


tions, is a continual generation of 
novelties, an unceasing process of crea- 
tion. 

The upshot of this rather involved 
discussion would seem to be that we can 
clarify and tone down the oppositions 
among theories by rejecting a lot of 
adventitious and often mystical notions 

31H. Vaihinger, ‘‘Die Philosophie des Als 
Ob,’’ 9-10 Aufl. Leipzig, 1927. For a discus- 
sion of the main fictions in biology see J. 
Schultz, ‘‘Die Grundfiktionen der Biologie,’’ 


Berlin, 1920. 
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that have been foisted upon the bio 
ical sciences by historians and phil 
phers, but that certain oppositions 

remain for the simple reason that org 


isms embrace no less than four dispar 
levels of emergence, the physicochem 
the organismal, the mental and 
social. Hence, till the advent of a 
Supereinsteins, theoretical biology n 
stand as a combination of oppositior 
a compositio oppositorum. This is 
a ‘‘Zersplitterung,’’ however, as 
ceived by the erities. presaging de 
position or dissolution, but a sig: 
vigor and vital unity, like that of 
healthy organism, in which what we « 
life is intrinsically the antagonist 
synergy of its component parts. 
hopefulness of the present biolog 
situation is even more apparent ir 
attitude of the creators of the biolog 
theories, the biologists themselves 
impressive is the amount and qualit 
accomplishment in every one of the 
logical sciences that not even the 1 
est specialist can now adopt the uns 
pathetic attitude so prevalent ar 
eminent investigators of the past 
eration, for the veriest tyro soon bec 
aware of his indebtedness to his fi 
investigators in the most remote biol 
eal sciences. Even those tiresome 
ladies, the taxonomists, are regarde: 
rather helpful by petulant infant gen 
eists, if only as donors of the h 
rubber species on which they cut 
milk teeth. But there is among 
gists a stronger bond than tl 


‘ 


1 
ry 
i 


mutual gratitude for services rec 
and that is their common love of 
living world and their desire to ar 
such a love in others. The great mus 
in which we are meeting is one of 
glorious manifestations of that fee! 
There is one of Augustine’s aphorisms 
res tantum cognoscitur, quantum d 
tur, a thing is understood to the deg 
that it is loved—which, with some int 
pretative manipulation, may s 
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mvey my meaning. Of course, Augus-  osity, which n 
tine would have been shocked or perhaps furiate not onl: 
itraged had he deemed it possible that saints in the e: 
mere worldly biologist could tamper therefore, in 
vith one of his most edifying remarks. the words 
‘rom the context we may infer that the _ strictly proper 


iint used ‘‘diligitur’’ in the sense of I ean find to designat 


+ 


‘contemplative or devotional love.’’ I historistic and _ nat 
wish to interpret it to mean something’ which seems to inspire an ever 
like ‘‘investigative love.’’ These words, number of our biologists and 
infortunately, can be construed in the the fullest timate under 
sense of ‘‘perverse’’ or ‘‘morbid’’ curi- animate nat 








EVER since we have learned to look at 
the development of man as a historical 
process the interest of the student has 
been directed toward the discovery of 
our ancestry, of the place of the first 
appearance of man on our globe and of 
the history of his migration over the 
continents. A special aspect of this 
problem is the history of the appearance 
of man in America. 

All the evidence that we possess up 
to this time leads us to believe that man 
did not develop from lower, ancestral 
forms on the western hemisphere. All 
his closest relations among the higher 
mammals live and lived in early geologi- 
cal periods in the Old World; in Europe, 
Africa and Asia. No forms from which 
man can be descended have ever been 
found in America. A single tooth, found 
in Nebraska, which was ance believed to 
have possibly belonged to a higher ape, 
has proved to be that of a peccari. 

It seems, therefore, reasonable to as- 
sume that man developed in the Old 
World and came to America later. The 
time of his immigration can not yet be 
fixed with any degree of certainty, but 
some limitations may be established. 
Since the end of the Tertiary the Old 
World and the New have been separated 
by the Atlantic Ocean so that the immi- 
gration of living beings in this direction 
has been impossible ever since the land 
connection in the far north disappeared. 
If Tertiary man existed in Europe, as 
is claimed by some investigators, he 
might have come to America over the 

1 Address before a joint meeting of the 
American Association for the Advancement of 


Science and the American Anthropological 
Association, New York, December 29, 1928. 
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old land bridge. We have, however. 
evidence whatever of the presenc 
man in the New World at this p 
Although negative evidence, in t 
case the lack of finds, is never conclus 
there are other reasons that induce us 
conclude that man did not reach Am 
by this route and at this early per 
The earliest remains of man found 
Europe differ from modern races. TT! 


Y 


are rather predecessors of modern n 













although not necessarily his immediat 





ancestors. The American race, on 
other hand, is morphologically clos: 
allied to the Mongolid race of Asia. N 
withstanding the great differentiat 
of American Indian types in N 
America and South America, they 
throughout a decided resemblance to 
East Asiatic type and differ from 
other races. Even the earliest rem 
of man found on the western hemisp! 
share these characteristics. We must 












therefore, assume that these two gr 
had a common origin. The different 
tion of the Mongolid race must ha 
occurred before man came to Amer 
Just when this differentiation de\ 
oped is still an open question. If 
permissible to judge by analogy, v 
might place these events in the 
-aleolithic period, contemporaneous wit 
the appearance of the Cro-Magnon ty) 
It is, however, quite possible that 
origin of this race may date farther b 
and that it may have appeared 
Europe towards the later part of 
long Paleolithic period. The detern 
tion of the period in which the differ 
tiation of the negroid and Mong 
races occurred will give us the ear 
date of the arrival of man in Amer! 
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RACES AND 


Positive evidence is still lacking of 
’s; arrival before the of the 

at glaciation that separated America 
from the Old World. the 
carefully investigated finds that 
been made of the explanation 
that they belong to the early post-pleis 
tocene, to a the 
iers had retreated northward. 


end 


most 
have 


Even 
admit 


rreat 


They 


period when 
show, however, that the technical skill of 
in in the early post-pleistocene was 
The ais- 
tinguishable in technical character from 
before the 
There is an 
ipparent the 

leontological evidence and the types 
The animals with 


Lil 


far advanced. forms are not 


those of the modern Indian, 
,dvent of the Europeans. 
contradiction between 

implements found. 
which the human 
associated, are in part extinct and 


earliest remains are 
fos- 
silized. Their geological position sug- 
gests that these forms may have become 
extinct much later than is_ usually 
assumed. 

The final determination of the problem 
' the first arrival of man on our con- 
nent will be solved by reologists. It 
requiring the 


which 


problem 
the period 
the strata were deposited that contain 


is a geological 
determination of in 
the remains of animals, of man and of 
his handiwork. The paleontologist and 
inthropologist must accept the findings 
f the geologist and they must shape 
their conclusions according to the chro- 
nology established by the geologist. Un- 
fortunately, this fact is not yet suffi- 
ciently recognized and too great weight 
is given to the types of animal, man and 
artifacts found. Efforts must be made 
to ascertain with the greatest accuracy, 
the geological age. Apparent contradic- 
tions between the geological and paleon- 
tological or anthropological evidence 
may lead to a reexamination of the geo- 
logical conditions, but the decision must 
be made by the geologist. The closest 
cooperation between geologists, paleon- 
tologists and anthropologists must, 
js therefore, be demanded. 
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add a new hypothesi the ot] 
American 


in Asi i 


there is no evidence 
types existed at an 
On of 


seemed appropriat: 


considerations it 


account these 
to eons der the whole 
Instead of 
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problem from another angle 
asking what has happened in earlies 
times, 
relations 
the 
historical inferences may be drawn from 


It was this problem which I pre- 


might rather investigate th 


that exist at 
continents and 


we 
present hetween 


two inguire what 
them. 
sented in 1896 to Morris K. Jesup, presi- 
dent of the American Museum of 
Natural History, and which led to the 
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organization of the Jesup North Pacific 
Expedition, which was liberally finaneed 
by Mr. Jesup and the direction of which 
was entrusted to me. 

The problem before us was primarily 
an investigation of the coast region of 
the North Pacific Ocean for the purpose 
of determining the anthropological inter- 
relation between America and Asia. 
This necessitated a careful investigation 
of the anthropological types, languages 
and cultures of the whole area, together 
with an attempt to ascertain their devel- 
opment during early times by means of 
an archeological inquiry. 

It was known from previous investi- 
gations that the east Asiatic type and 
the Northwest American type show close 
resemblance, so much so that in some 
individuals it might be doubtful to which 
continental area they belonged; but the 
local types of the whole district were not 
well known. It was one of our tasks to 
obtain a better insight into the relations 
of native types. In the extreme north 
we find the Eskimo of Alaska. The 
eastern Eskimo present a very character- 
istic and easily recognized bodily form 
which sets them off sharply from their 
southern Indian neighbors. In Alaska 
these features are not so pronounced and 
relationships appear to both the Indian 
and East Asiatic forms. Still, the people 
are most closely related to the Eskimo 
type. On the other hand the types of 
the coast of southern Alaska and of the 
adjoining interior do not seem to me to 
an equal degree distinct from those of 
southern Siberia. The similarity of the 
erania of the two groups has been shown 
by Dr. Dina Jochelson-Brodsky. They 
differ, however, in facial form. Later on 
the observations of Russian investigators 
were corroborated by Dr. Hrdlitka. His 
claim that the difference in facial form 
is secondary, due to environmental con- 
ditions, can not be claimed to be more 
than a hypothesis. A comparison of 
American and Siberian forms is made 
difficult by the extended migrations that 
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parallel development or to an older |! 
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widely extended 


investigation 


prehistoric remains of this area, 


pensive and laborious undertaking 


lay outside of the possibilities O! 
Jesup Expedition. 


Unfortunately 


this time material from Alaska has 
eollected more with a view of accun 


ing 


masses 


of 


obtaining a carefully observed st: 


graphically determined series, 


Inr 


investigations Jenness and Collins 


to 


and sequence. 


have devoted 


The problem to | 


cided is, whether the Eskimo type 
oldest one in this area, or whether 





objects rather thar 


greater care to Ss! 


intrusive and overlies more ancient t 
similar to those of the Northwest 
By this investigation we may also d 
mine whether the Eskimo intrusior 
from the West or from the East. 


must 
eareful 


remain 
and 


an 
extensive 


open 


question 


the ancient remains of the whol 
extending from the Amur River 1 


ward and along both coasts of 


Sea, will 


present one of the most urgent needs 


be 


undertaken. 


This 


the solution of the problem of th 
relation between the early popu 
of America and Asia. 

The relation between Asia and 
ica may also be investigated by 


amination of the modern cultural forms 


Bet 
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observations 
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devoted particularly to this problem. 
First of all it seemed necessary to in 
lire into the possibility of linguistic 
; ationships. Siberia and the Pacific 
Coast of America belong to those parts 
the world in whieh we still find a 
ereat number of apparently unrelated 
anguages, each spoken in a limited area 
In Siberia the older conditions have been 
listurbed by the influx of Tungus and 


7 irkish tribes. According to recent ob- 


servations by Professor Bogoras, one of 
the valued members of the Jesup Expe- 

tion, many of the small tribes that 
Turkish 
assimilated 


must be 
considered What 
language they may have spoken in early 


sneak now dialects 


tribes. 


times can not now be ascertained. The 
solated tribes of Siberia are generally 
lesignated by the term Palaeasiatics, and 
Professor Bogoras and Mr. Jochelson 
find their similarity to the American 
tribes so striking that they speak of 
them as Americanoid. 

On account of the fundamental strue- 
tural differenees of American languages 
mong themselves and similar differences 
* the Siberian languages among them- 
selves, it is impossible to trace the origin 
f American languages to Siberia or 
those of Siberia to America. The east- 
rn Siberian languages have certain fea- 
with Asiatie 
inguages, for instanee, the importance 


tures in common other 
in their structure of vocalic harmony, 
while in regard to other traits such as 
the incorporation of the nominal object 
in the verbal complex they resemble cer- 
tain American types. 

A comparison between Chukchee, a 
language of the extreme eastern part of 
Siberia, and of the Eskimo reveals a 
peculiar relation. While the fundamen- 
tal traits of the structure of these lan- 
guages are quite diverse, a number of 
peculiar features are common to both. 
Some of these are purely formative 
elements, like the suffix -t which forms 
the plural. Others are rather psycho- 


AND C 


The work of the Jesup expedition was 








ULT 







































logical categories that are expressed 
both languages, although they are abse 
among the neighboring tribes. To tl 
group belong the similar development ¢ 
verbal modes, and the peculiar diffe: 

in the treatment of the sub of trans 


tive and intransitive verbs, a featur 
which occurs in many An ! 
guages. I believe we may 

this ancient cultural contact OS 


that it has resulted in the cont 
of linguistic structure 

More conclusive results ha) peen Ob 
tained through a study of other cu 
traits of the tribes of this area A cart 


ful analysis has led us to recognize th 


fundamental unity of the culture of tl 
cireumpolar area of both the N ind 
the Old Worlds 

A single problem of unusua 
may be mentioned first The typ 


man found in the deposits of the 
Magdalenian resembles the moden 
Eskimo and the implements of that 
period are not unlike those that charac 
terize the modern Eskimo cultur Or 
Ti 


this basis e eonlecture 


by Boyd-Dawkins that with the gradu 

retirement of the Tundra no ist 
ward, Magdalenian man, thi so-called 
Cro-Magnon race, followed rein 
deer northeastward and thus travelled 
through Siberia and finally reached the 
American continent, so that our Eskimo 
would have to be considered « ndants 


of the Cro-Magnon rae While we may 
acknowledge the attractiveness of sue 
a hvpothesis, it is hard \ 
this moment; not so much because ther 
are important differences betwee) oo 
two human types and the two culture 


for these might have developed in a long 


span of time, as for the reason that ther 
is no archeological evidence connect 
these remote areas. It would be neces 
sary to show that the Cro-Magnon typé 
and his culture left remains in the inter 
vening parts of Asia. The few prehis 


toric sites in Siberia which have come 





to our knowledge, particularly through 
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the efforts of Petri, do not give us any 
clue that would corroborate the hypoth- 
The similarity between Magda- 


however, great 


esis, 
lenian and Eskimo is, 
enough to deserve further study, which 
must be carried on in Siberia and east- 
ern Europe. The most recent investiga- 
tion of Eskimo culture over the whole 
district from Alaska to Davis Strait has 
proved that the modern Eskimo culture 
has almost everywhere degenerated from 
an older type which was technically, and 
in art forms, far superior to that of the 
The similarity between 
there- 


present time. 
Magdalenian and 
fore, be based more rigidly on a com- 


Eskimo must, 
parative study of ancient Eskimo cul- 
ture rather than on that of modern times. 

The characteristics of the cireumpolar 
culture are only in part explained by the 
similarity of geographical environment. 
The climate does not permit agriculture 
and all the people rely essentially upon 
animal food, fish, sea mammals and land 
animals. The domestication of the dog 
is known not only to the cireumpolar 
It is, 
region 


region but is well-nigh universal. 
however, characteristic of this 
alone that the dog is used as a draft 


animal, It is not unlikely that the dog 


eart which has been used up to the 
present in northern Europe is a sur- 
vival of this use of the dog. In Asia 


and Arctic America the dog is used as a 
draft animal in with a 
sledge. In America its use has spread 
southward from the Arctie region, but 
the Indian tribes of the Plains use it in 


connection 


a peculiar manner. Instead of the 
sledge or toboggan, they use a frame 


resting on two poles which are tied to 


each side of the dog and which are 
dragged over the ground. This con- 


trivance, the so-called travois. was used 
both in summer and winter. 

Another characteristic trait the 
circumpolar region is the use of birch- 
bark for making vessels and canoes and 
for building houses. The Indian birch- 
bark wigwam is well known. The con- 


of 





sheets 


are also of similar structure. 


know 
which led to the art of navigatio. 
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struction o 


of 


f the 


principle, the same. 


birehbark. 


Siberian 
A frame 
poles is erected and covered over 


bark e; 


The 





tent 


wor 


The possibility of navigation was 


the 


sequence 


vessels. 


of 


We d 


the inv 


it seems plausible that rafts were 
In neolithic 


the forms first used. 
in Europe, dugouts were made 


times 


these 


were strengthened by 


? 


sumably discovered by the observ 
of floating logs, floating grass, an 


the buoyancy of 


( 


left standing when the trunk was 
It would 


out. 


lowed 
invention 


was 


easier 


than 


seem 


that « 


canoe consisting of a framework « 


eovered with birechbark or hide, 


more complex structure. 
votive 


found that 


work of ribs covered 


Denmark golden 


seem to 


| 


In 


offerings 


represent a 


with skins. ( 


described boats of the same kind, 


by the natives of England. 


present 
Wales. 


eovered in 


time 
Boats of this type of stru 


the 


the 


southern 


Eve 


eoracle is us 


regions 


bark, in those parts of the country 


wood is 


characteristic of 


In 


area. 
larities 


structure ol 


not 


are 


the 
some 
found, 


availab 


le 


w! 
regions 
thus 
the birchbark canos 


with sk 


SKI 

ole eireu 
striking 
the @ 


that 


no! 


S 


Amur River and that of the Kuté 
British Columbia are very much al 
It might be said that the use o 
and bark for covering framework 
tated by the availability of thes 
rials, but this point of view is 
tenable when we consider also th 
larity of the birechbark vessels wl 


used on both continents. 


vessels of 


cutting anc 
priate ways and many of the id 


various kinds are forn 
1 folding birehbark in 


wl 


treatment are practically identical! 
strengthening of the rim, and the 
ration of the sides are characterist 


Basket 





psoutherr 





sometin 
crossed 
| ae 
Where d 
shel] is 
drums ¢ 
Similar 
drum is 
be confi 
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Siberia and for America, but they do not 
seem to occur in other parts ol the world. 
ttention may called to the 

in the construction of th 
houses. Particularly in 
Siberia and among the Eskimos we find 
A shallow pit is 
with a 
which at th 
same to th 
muse, a ladder being placed on the floor 

1 leading up to the smoke hole. In 
some the through a 
tunnel at the side. This very character- 
istic structure not 
nly in the Arctic area where it might 
be explained by the nec ssity ot the 
limate, but it has also been found much 
the south. All through the 
northern part of the great plateaus oi 
the American west we find subterranean 
houses of this structure. They oceur i 
California and may even be recognized 
in the underground ceremonial houses ot 
the Pueblos, and in their ancient dwell- 
ing houses with through the 
oof. Farther south in Asia and also on 
the Pacific Coast of British Columbia. 
this type of house is not found, but it is 
remarkable that in mythological tales 
and in certain sacred ceremonies, the en 
the wooden houses of thes¢ 
areas is not through a door. The super- 
natural beings or novices disappear and 
reappear through the smoke hole. This 
leads us to think that perhaps in earlier 
times similar dwellings, with entrance 
through the roof, may have existed here. 
Common to Siberia and America is 
also the characteristic flat drum, consist- 
ing of a hoop covered by a single head, 
sometimes with a handle consisting of 
crossed thongs or wire or similar mate- 
rial. In practically all other regions 
where drums with a single head occur, the 
shell is high, as for instance in the large 
drums of Africa. The only other form 
similar to the American and Siberian 
jdrum is the tambourine, which seems to 
g be confined to the Mediterranean and to 
southern Asia. The tambourine is much 


also be 
similarity 


northeastern 


a subterranean house. 
dug and a roof erected over it 
smoke hole in the center, 


time serves as an entrances 


eases entrance is 


has been observed, 


| 
iarther to 


entrance 


trance to 


smaller and is 
tional! jingles 
I do not feel 
tailored fur e¢ 
fishing can bh 
ancient, histor 
they are si 
matie and @ 
Another fea 
western part 
the use of 
and 
] 


rods ¢ 


cuirasst ~ 

made of 

ivory, securely 

type ol 

from Chinese 

would be proof 

tinued cultural 

northward and 

lar character is 

backed bow which 

Old World and occurs in 

area of Northwest America. 
Similarities in religious ceremonial! 


liefs and traditions prove an in 
lation between Asia and America 
Dr allowell has 

a detailed study of the bear 

in the Old and New Worlds and 
its wide d 
tent of 

adjoining districts far ‘tot 
It is hardly admissible t 
the cult of the bear has developed inde- 


recently 


stribution over thi 


the cirecumpolar area 


assume that 


| over this 


pendently al 
eount of the f 7 ired 


country on ac 


animal, for 
much alike 


form 

At the 

ticular ceremonials 

gard to other dangerous anima 

Attention might o be ¢: 

peculiar use of wood-shavings, 
and shredded bark 
which characterize the 
the Ainu, Koryvak, Chukchee, and 
British C 


aes 
as reilgious s' 


ceremonii 


tribes of 
southern Alaska. 
Strong proot ot 


coast 


latior S be 


eultural ri 
tween Asia and America is found in the 
folk tradition of the various tribes In 


this field the isolation ‘of the Eskimo is 
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riking. eontrast to 


In 


Eskimo tradtiion 


particularly st 


tl tribes the 


most other 
deals much more with human society 
than with animals, and their more im- 


portant animal tales can be proved to be 


of Indian origin. But at tl 
the Eskimo are exceedingly tenacious in 


1e same time 


form and content of their tradition. 
The same formulas oceur in tales from 
East Greenland and in those from both 
sides of Bering Strait. The striking 


differences between Eskimo lore and that 
of their Indian and Asiatie neighbors, is 


arguments that speak for a 


one of the 
late intrusion of the Eskimo into Alaska. 
Mr. Jochelson and Professor Bogoras 


comparisons of 
folklore 


ele- 


made detailed 
Indian and 


have proved that 


have 
American 
and they 

menis are common to both. The 


Siberian 
many 
number 
of correspondences is so large that inde- 
pendent origin excluded. If we 
should judge by the elaboration of thi 
various themes, we might conclude that 
they have their home in America and 
were carried to Asia, but such an argu- 
ment of doubtful validity, because 
tales may have degenerated in one area 


IS 


IS 


while there may have been a prolific de- 
velopment in another. 
A number of themes prove clearly the 
of Old World lore into 
One of the striking examples 


importation 
America. 
is the famous story of the magie flight, 
which is spread in the Old World from 
Morocco to Bering Strait, and it i 
known in closely allied form in America 
all along the Arctie coasts, on the north 
Pacific Coast, and inland as far as the 
Mississippi Valley. This tale has been 
embodied in the most sacred traditions 
of British Columbia and for this reason 
it may be assumed that it been 
known there for a long time. 
Mr. Jochelson has made a 
study of the episodes of Koryak folklore 
in comparison with those of the Old 
World and of America, and he has 
found that among 122 episodes, 84 per 
cent. are common to Asia and America 
excluding the Eskimo; 24 per cent. to 


IS 


has 


statistica!] 








SCIENTIFIC MONTHLY 





Asia and the Eskimo; 
per cent. are repeated 
the Old World. 

The i 


ntimate 











and that on 


in other pa 


relationship of 


‘ 


‘ 


Asiatie and Northwestern American 
ture has been fully established by 


researches. A study of Am 
material has also shown that the eu 
traits that may be traced to the 
World, extend in America soutl 


eastward to the west 


Mississippi Valley, 


ther away we move from the Arcti 


from Alaska. 
Cultural relations of 


cussed do not deve] 


weakening 


op sud 


rn plains ai 


th 


the kind he1 


lenly, but 


the result of long-continued contact 


In order to understand 


between America and 


the r 
Asia clear! 


also necessary to investigate the 
mental differences between Siberia 


American culture, diffe 


rences that 


indicate a lack of mutual influence 


The fundamental 
eulture are so distinct 


Old World that they 


view of a very early immigration o 
American 


into our continent. 


tr 


ture is based on the cultivation of 


ican plants; 


eS 


alts of Am 
from those 
eorroborat 


Indian eorn, squasl eS 


beans are native American plants 


there is no trace of the 
The Americans 


’ 
i 


Old World plants 


no domesticated anim 


als 


use Ot an\ 


except 


dog which had an almost univers: 


tribution, t 
lands and the turkey. 


There are also striking differe: 


the general character of political « 


zation 
of administrativ« 
ot 


plete absence 


and religious belief. 


he llama in the Andear 


We: 
function, almost 


judicial pro 


characterize American political o 


Absence of a 


zation. 


and a different attitude towar 


ism may be observed. 


} 


belief in ob 


is s 


Among the 


ican Indians shamanistie power 
erally sought, rather than involunt 


imposed. 


it is an unweleome gift of supe? 


power that is resisted. 


‘a 


h< 


’ 


Among the tribes of S 


\ , 
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One of the most features 
absence ol domest reindeer in 


> + , - 
erica while they are used Dy 


berian tribes. For many centuri 
Alaskan Eskimo must 
iar with the domesticated reind 
never been inelined 
tication It may we 
nsive use of the doe w: 
requires special tra 
teach 


deer. The 


ng may ai 


attack thi 


reindee. 


sea-life which, under normal condi 
s, gave to the Eskimo ample suppli 
ess arduous work than that r 
d for reindeer breeding The 


ao? 
g 
conditions oft re inde r breeding 1! 
at the art of domestication i 
st developed among the Chukchee a 
seems plausible that the art 
n western Siberia and gradually ) 
ied the most eastern part of Asi: _ 


sprang 


! 


one . Sal he lo KE 
re 18 every probability that the tribes Brny look 
. . . ie I doubt whethe 
Siberia were by origin hunters and ; 
fishermen and that particularly the 
Chukechee participated in this mode o 
fe. Asa matter of fact a large portio genera! 
he Chukehee have no reindeer eve: lowing 
I 


t the present time 
rs in permanent villages. 
so well worth remarking that 


nsy tent of the nomadie Chukches 


yut live as maritin 


1S clemency oO! 
ts general plan, analogous to thi 


un on when the 
rground house of the 


maritim« perate, man 
hukehee, so that survivals of older sea 
l! ting life may be recognized even no\ 

ng this tribe. 
It is necessary to look 
blem from another angle. 
American inventions, customs and into Sib 


iefs shows that a gap exists bet 


ween mated W 
ce cultures of the central parts ol bot! 


migrated 
An 


1ericas and the extreme northwest 


an ] came hab 
e extreme south of South 


America 
The advanced civilizations of Central 
America and of the Andean Plateau 
ive influenced the greater part of our 
mtinent directly and indirectly, 
inventions, customs and beliefs 
she more primitive tribes have 


and “al reseal 
ot us to cleat 


been erations ol 











TO DI 


By W. V. 


IOWA STA 


AN animal’s development and reac- 
tion to various influences throughout its 
life are governed by two forces, its con- 
stitutional or inherited capacities and its 
environment. Neither force is indepen- 
dent of the other, and to reach the 
highest plane of development or useful- 
ness an animal must not only be sur- 
rounded by a fit environment but it 
must also be equipped with a good 
heredity. 

In relation to disease the item of con- 
stitutional fitness has been largely over- 
looked. Previous to Pasteur’s discovery 
of the role of 
causative agents of many diseases this 
concept was quite generally recognized 
as an important one by the medical fra- 
ternity. Following his discovery, how- 
ever, the idea was pretty generally for- 
gotten in the mad rush to discover the 
causative agents of each disease and in 
developing methods for suppressing and 
combating them, such as the production 
of vaccines and immune sera. And in 
many cases, as typhoid fever, rabies and 
swine cholera, the results have been 
remarkable. 

In many diseases, however, no success- 
ful methods of control have been devel- 
oped. This fact has led a number of 
workers, in genetics primarily, to under- 
take another possible solution of the 
problem, namely the production of 
disease-resistant strains. In the plant 
kingdom this method has been used ex- 
tensively. As examples, strains of 
wheat and oats new exist that are resis- 
tant to certain forms of rust and smut, 

1Paper No. 26 from the Department of 
Genetics, Iowa State College. 
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beans that are resistant to the fune 
are now @! 


disease, anthracnose, 
commercially, and in cabbage sel 
resistant to yellows are in use. 

In animals much empirical evicd 
exists relating to this subject. It 
long been recognized that much var 
tion in resistance to bacterial dis 
exists in any group of animals. I 
epidemic many individuals develo 
acute form of the disease, others a 
form, while still others resist it enti 
Some of this difference undoubted]; 
due to environment, but not all, 
under the same environment and 
equaliy good physical fitness the 
facts are observed. 

Species, racial and familial dif 
ences in resistance to disease are 
known. For instance, diseases com! 
to the rat are non-pathogenic for 
and Texas fever, a common and 
disease for domestic cattle in tro) 
and subtropical countries, is not | 
genic for the zebu. Another insta 
frequently cited is the high degre 


immunity exhibited toward anthrax | 


the Algerian sheep, a disease very 
for other breeds. In man, also, r: 


differences have been freely observed 


It is a well-known fact that when 
eases common to civilized races are 
troduced into uncivilized or iso 
regions, where these diseases havi 
been present, the mortality result 


among such people is often appalling 


The death rate among fie Ameri 
Indians following the introduction 
smallpox and measles is a well-kr 
example of this. 
of a less clear-cut nature also exists 
118 
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HEREDITY AND DISEASE 

iS generally eonsidered that the negro is for resistance 
yore susceptible to tuberculosis 

white man. Much evidence, largel: 
statistical in nature, has been presented 
to show that susceptibility to tuberculo- 
sis is an inherited trait. Its incidence is 
sienificantly greater in certain famili 
so as to leave no doubt that a weakness 

nherent susceptibility toward this 
liathesis is an integral part of the germ- 
lasm of those families. It must be 
mphasized here that it is not the dis- 
ase itself that is inherited, 
ere is some constitutional weakness them have 


. shies 


which is inherited that makes certain Genera! out 
ndividuals more prone than others to occurred 
nfection with the tubercular bacillus. such an out! 
Experimental evidence for the inheri-_ sessing a nati 
tance of resistance to disease in the vived. Sue 
aboratory mammals is not abundant. ization hay 
While numerous observations concern- veneration 
¢ the great variability in resistance to. strains now 
lisease are on record, few critical at- nding to 
mpts have been made to determine and with nat 
ow much of this variability was due to that were 1 
nvironment and how much was inher- for resistance 
within the individual. Within the gradual ey 
st few years, however, experimental pure for 1 
results have definitely shown that it is In thos« 
ossible by selection to produce strains was dependent up 
of animals having a higher degree of such strains were undoubtedly 
resistance to infection with a specific in a few generations, where: 
bacterial disease than that possessed by tance depended upon many 
the general population. This has been production of such strains 
demonstrated in several species and for likely a much longer process 
such diverse diseases as mouse typhoid, speed of production of resistant 
bacillary white diarrhea in chickens, was also probably af 
fowl typhoid and for a disease among quency and severity of th 
rats induced by inoculation. It has, For instance, if infection occurred eve: 
likewise, been demonstrated that inbred year in a severe form the production 
lines exhibit markedly different reac- such types would be relatively a qu 
tions when subjected to certain of the process. If, however, as is more prol 
nfectious diseases. This latter point ably the case, severe outbreaks of tl! 
ars directly on the problem, for in- disease were rather infrequent due to 
erica! reeding as a system produces pure or lack of favorable environment, th: 
ion lomozygous types. Hence the demon- duction of resistant strains would b 
know! stration of such differences between in- proportiona!ly slower. 
ridenct bred lines points conclusively to the fact In the higher animals crossbreeding is 
that it is possible to concentrate factors the normal method of reproduction, and 


I 
I 
I 
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such a method permits the impure or 
heterozygous types to remain about the 
same from generation to generation. A 
a result homozygous types have not been 
produced and accordingly this method 
of reproduction undoubtedly has ae- 


lack of disease-resistan‘t 


counted for the 
For centuries nature 
veneration 


types of animals 
has been selecting each 
only those individuals equipped with the 
proper inheritance to withstand disease, 
but unfortunately such individuals have 
generally been impure or heterozygous 
for the resistant factors. Because out- 
breeding perpetuates these heterozygous 
types, lines of animals have 
not been evolved, and the 
tended to revert to a generally hetero- 
Conceivably, if the 


resistant 
race has 
zygous condition. 
disease had occurred every year in very 
severe form entirely 
might have been produced, but such was 
not likely the case. That such a ten- 
dency has been apparent, however, is 
shown by the aforementioned fact that 
races are much 
of the civ- 


resistant races 


uncivilized or isolated 
more susceptible to diseases 
ilized races than are the people of a 
region in which those diseases have been 
prevalent for centuries. 

If nature has been able to evolve com- 
pletely resistant lines in naturally in- 
bred species, and has shown a tendency 
toward producing partially resistant 
lines in outbred species, it is reasonable 
to believe that by rigid selection based 
upon an animal’s ability to produce 
resistant offspring, the use of a moder- 
ate amount of inbreeding and with con- 
stant exposure to a virulent type of tl 
naturally resistant strains of 
animals may be produced. With these 
reasons in mind the problem of produc- 
ing a strain of chickens having a suffi- 
ciently high natural resistance to with- 
stand general epidemics of fowl typhoid 
was undertaken in the writer’s labora- 
tory. While the ultimate 
from achievement, some facts of genera! 
interest have accumulated. 


disease, 


goal is far 
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material health 
selected 


As foundation 
ture chickens 
bird was fed the same quantity 
of fowl-typhoid 


were and ( 


virulent culture 
From the survivors of this ¢ 
that had the | 
disease were selects d 
The next 
the chicks from these birds were in 


teria. 


those birds shown 
reaction to the 


used as breeding stock. 


with a standard dose of the fowl-t) 

bacteria, a dose that in preliminary 

had been found to be lethal for app: 
mately 90 per cent. of all chicks sec 
Con 
rently with the infection of the ¢!] 
from the surviving parents an appr 
equal number of 

breeding but from 
were infected. 
from the surviving 
total mortality of 41 per cent., wh 

those chicks that came from non-sury 
ing parents gave a total mortality 
This is a differen 


from ordinary outside sources. 


mately chicks w 
an outs 


The cl 


show eq 


similar 
source also 


parents 


nearly 90 per cent. 
in mortality between the two groups « 
nearly 50 per cent., a difference that « 
tainly ean not have been due to cl 
alone, since over eight hundred ce! 
were used. 

Thinking, perhaps, that a large 
of this difference in resistance betv 
the above of chicks might 
transmitted in 
the yolk of the eggs of the surviy 
mothers, typhoid-surviving males 


groups 


some manner throug 


‘ 


mated to hens of similar breeding 
had not been exposed to fowl typh 
The total mortality 
chicks of these matings 
mately 60 per cent., a figure intermed 
between that of the first two groups 
this case the increased resistance of 
chicks came from 
since numerous experiments have 1 
cated that passive immunity cann 
transferred from the male to his 
spring, the resistance must have 
due to factors for resistance resident 
the germ cells of the sire. The 


observed in 


was appr 


the sires alone, 


} 


ciprocal cross, namely typhoid-surviving 
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non-tested males, 


? 
1LeS * 


proximately the same results 
Not only in total mortality, 
as there a difference in the 
eroups of chicks. The 
same general re 


The ehiecks with double Ty 


mortality exhibited the 
onship. 
f id-surviving ancestry 


show ed a slow 


those with single fy) 


of mortality 
oid-surviving ancestry, an intermedi 
rate; and the group with non-typhoid 
This indi- 
s a higher potential of resistance in 


both 


the disease, al- 


vestry, a very rapid rate 
whose parents had 
attack of 
though, as indicated by total mortality, 


se chicks 


withstood an 


s potential was not high enough to 
all 
he infection. 

It has been found, also, that sires differ 


protect chicks against death from 


arkedly in their ability to transmit 
resistance to their progeny, a _ situ- 
tion that would be expected if resis 


nee to this disease were an inherited 


aracter depending upon a number of 
etors for its expression. These dif 
erences were so marked in some Gases 


at there can be no question of their 
significance. 
The findings 
been accumulated over a period of three 
vears and the relationships from year 
year have been very consistent. This 
that the 


ereditary basis for resistance is reason- 


reported herein have 


consistency indicates clearly 


ably constant in any given strain of 


chickens. It has also shown that the ex 
erimental technique is sufficiently ac- 


curate to enable us to predict within 


irly close limits what may be expected 
in any given trial. 

Another experiment dealing with the 
Same general problem has been carried 
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CHILDREN OF THE SUN 


By Professor JOHN HODGDON BRADLEY, Jr. 


UNIVERSITY 


A sea whose shores no eyes have ever 
seen, whose depth no instrument can 
fathom, whose waters no scientist can 
analyze—such is the sea of space. 
Nothing can be as empty and cold as 
the gulf wherein our destinies are im- 
mersed. Star worlds, like fish in schools, 
drift through the void, star worlds as 
large as our sun and many times larger, 
in schools of hundreds of millions. Un- 
like a school of fish, whose direction 
may be changed by a whim of the 
leader, whose organization may be de- 
stroyed by the rush of an enemy, whose 
fate is in the hands of a shifty envi- 
ronment, the stars in their galaxy move 
with the majesty of perfect orderliness. 
From the smaliest satellite slave of the 
smallest star to the largest super-galaxy 
of worlds in space, everything bows to 
the first law of nature. Chaos and 
caprice do not exist. 

Hundreds of millions of stars are 
visible to the powerful eyes of astron- 
omy. They are grouped in the shape of 
a thin watch whose greatest diameter is 
ten to fifteen times the thickness. Light 
consumes perhaps as much as one hun- 
dred thousand years in traveling along 
the equator of the disk, light which 
moves at the speed of more than 186,200 
miles in a second and ean circle the 
earth seven times during one beat of the 
human pulse. The Milky Way, where the 
stars seem more thickly grouped, reveals 
our position in the galaxy. We are near 
the outer edge, and when we see the clot- 
ted light of the Milky Way, we are look- 
ing through the long diameter of our uni- 
verse. Many kinds of stars are brothers 
of our sun, stars of incandescent gas, 
dark dead stars burned to cinders, single 
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and multiple stars in open and 


clusters, stars in vast irregular ¢ 
as well as much nebulous fire-n 
uneertain character. Everything 
motion, not only the galaxy as a w 
but all the minor states in the re; 


of suns. 
Our own sun, with its coterie 


voted attendants, wends its way thr 
the swarm, held by the mysterious 


that keeps the worlds in our 
together and pulls them ever i 
intimate association. Copernic 
lated the vanity of men when he 
the earth a mere satellite of tl 


Modern astronomy goes further 


paralyzes the imagination. Our 
but one among hundreds of n 


And the hordes of visibly blazing 
are probably not all. Dead sta 
dead men, may be more numerous t 


live ones. Outside our galaxy ar 


universes, similar to our own in 


and size, so distant that their 


reaches us only after a million y: 


Like jetsam in an ocean current 
sun and her small family voyage thr 
space and time, with man a microt 


a drifting fragment, a molecule 


infinity, a moment in an endless 
lost in the cosmos, his purpose as ons 


as his destination. Fortunately 


peace of mind, man’s philosophy 


not often rise to astronomical h 


The largest star in the firmament ! 
disappear for al! he cares. His cor 
are down on earth with his prob 
Yet he may well take some interest 
the universe without. From a catast 
phe in this universe his life began 

from a similar catastrophe it may s0! 


day end. 
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Scatter 
space 
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No modern scientist doubts that all 
the planets, moons, asteroids, meteors 
and comets in our solar system were 
horn of the sun. The blood relationship 
f earth and sun has been proved by the 
spectroscope. This instrument breaks up 
the white light of the sun into a series 
f colors. Each color denotes the pres- 
nee of a definite chemical element. 
The composition of the sun is thus known 
to be very similar to that of the earth. 
More than forty elements known upon 
The other 


nlanets and their moons, the meteorites 


rth are present in the sun. 


nd the comets show no elements foreign 
to earth. The kinship of all members of 
e solar system is a clear fact. 
The birth of the earth and her sister 
planets has inspired 
For many years the views of the French 


severa guesses. 
stronomer, Laplace, were accepted. He 
thought the parent sun a nebula of hot 
gas with a diameter of more than five 


} 


illion miles, sufficient to include the 
rbit of the outermost planet, Neptune. 
This mother rotated 
shrinking and gaining speed as it cooled. 
A ring of gas was eventually detached, 


nebula slowly, 


which condensed into a gaseous spheroid, 
rotating about the sun. Thus was the 
first child, the planet, Neptune, born. 
Again and again rings were thrown off 
the contracting sun, and Uranus, Saturn, 
Jupiter, Mars, Earth, Venus and Mer- 
cury in turn took up a separate existence. 
In similar fashion the planets gave off 
rings that collapsed into moons, rotating 
about the planets as the planets rotate 
about the sun. 

But alas for theories that germinate 
in the minds of men! They wilt in the 
bright light of advancing knowledge. 
To-day any college freshman can know 
what Laplace could not have known, that 
in the evolution of a gaseous nebula, the 
high activity of the molecules would have 
scattered the materials of the rings in 
space before the rings could form; that 
even if the rings had formed, they could 
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not have condensed into a spher 
The lighter gases of the earth’s atmos 
phere would have rushed into space, 
overcoming gravity with the indomita 


energy of their molecules 


the gas in the earth ring would doubtless 
have cooled to a solid long before the 
time when the gaseous moon ring was 
thought to have for 

The nebular hypothesis has other fai 
ings. It is too simple to exp 
complexities of movement in the solar 
system. There is much doubt that the 
mother nebula could have detached a 
ring before it had shrunk well w ! 
the orbit of Mereury, the innermost 
planet. If the views of Lap I 
true, the satellites should revolve in 
direction of the rotation of their pial 
But one moon of Saturn and two moons 
of Jupiter revolve in the opposite dit 
tion. The planets should be rotating 
faster than their moons, and the sun 
fastest of all, because with cooling and 


contraction the speed of rotation should 
Yet Phobos the nner 
satellite of Mars, circles its planet three 


have increased. 


times while the planet turns on its axis 


but once. Jupiter, with less than on 
thousandth of the mass of the solar sys 
tem, has most of the movement, movi 
ment which according to the theory 
should be invested in the sun 

Thus it is that the nebular hypothesis 
must blush before the facts of modern 
physies and astronomy. But youthful 
sciences grow vigorously and old tissues 
of theory are replaced by new. The 
nebular hypothesis will take its place in 
the history of secleneces as a boon to prog 
ress through itsveryerrors. For men must 
have a cosmogony, and false cosmogo- 
nies, like false gods, drive the thought- 
ful to search for the ultimate truth 

Perhaps the greatest contribution to 
theoretical science since the Darwinian 
renaissance in biology was the plane- 
tesimal hypothesis of Professors Cham- 
berlin and Moulton, of the University of 
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Chicago. Like the savants before them, 
they believe the earth an offspring of the 
sun, but unlike Laplace, they allow her 
not only a mother but also a father. A 
Star is thought to have passed near 
enough the ancestral sun to exert a gra- 
vitative pull. Even now the sun is 
belching incandescent materials from its 
surface almost three hundred thousand 
miles into space and at the rate of more 
than three hundred miles a second. Nor- 
mally these materials fall back into the 
sun. But at the time when the solar 
system was destined to come into being, 
great arms of this eruptive stuff are 
thought to have been foreed from either 
side of the sun and bent into spirals by 
the attracting foree of the visiting star 
as it passed by. The sun was not strong 
enough to pull back its substance after 
the star had moved on, so that the ejected 
matter in the spiral arms remained de- 
tached. In the cold of space this gaseous 
material quickly froze to solid bodies 
that took the form of knots, some large 
and some small, with many finer par- 
ticles between. All bodies thus formed 
revolved in elliptical orbits about the 
sun, 

In time the large knots in the spiral 
arms collided with the smaller particles 
because of the eccentricities of the ellip- 
tical orbits. Slowly the large knots grew 
larger, absorbing by means of their 
superior gravity the lesser material in 
their paths. Each knot was the fore- 
runner of a planet, and grew by sweep- 
ing up the smaller planetesimals. The 
satellites, growing in the same way, 
never became as large as the planets 
because they were smaller at the start. 
With every collision the planetary orbits 
were modified from the elliptical toward 
the cireular. It is a striking fact that 
the largest planets, Jupiter, Saturn, 
Uranus and Neptune, which are sup- 
posed to have absorbed the greatest 
amounts of planetesimal material, have 
nearly circular orbits, whereas the insig- 





nificant planetoids, by-products 
solar system, move about the su 
highly eccentric pathways. Variat 
the manner and rate of infall «¢ 
planetesimals accounts for the fact 
some planets spin slowly and others 
idly, and that three satellites moy 
retrograde direction. 

The planetesimal hypothesis is 1 
cosmogony modern science can off 
cause it best explains the known 
of the solar system. But modifi 
of certain details have been 


Barrell maintained that planetesi 


of considerable size must have 

upon the solid earth nucleus wit! 
and rapidity enough to melt the gr 
planet. Jeans and Jeffries believ 
the planets and their satellites 


gaseous and liquid from the begin: 


The advocates of the planetesimal 
pothesis insist that the earth grew sl 
predominantly cold and solid thro 
its history. 

Unfortunately, vital facts necess 
prove any of these assumptions 
buried beneath the accumulated 
debris of later eras. If the eart 


condensed from a liquid, we might 


pect to find remnants of the o1 
crust that formed over the cooling g 
like slag in a blast furnace. Noy 
has the prying eye of science m 

a discovery. If the earth had | 
slowly from cold planetesimals, we 1 
expect to find traces of such m 
But nature yields no easy Vv 
change has obscured or destroyed 
ord. With our present knowledg 
ean know but one thing with cert 
that the earth could not have be 
liquid and solid at the same tim: 


wilderness of speculation the ] 
truth is hard to find. Yet time 
revelations may some day point 
For the present we must be 
with two stories about the early h 
of our planet. One or the other 
eventually be proved true, but 


























nossible that both are false. Thi 
, believe the earth solid from birth 
see jit first as a knot of solid materia! 
one tenth the present size. Slowly 
is nucleus cathered to itself the star 
ist in its path. The infalling plane 
esimals were not large enough to liquify 
earth, but the heat of their impact 


herated some @as. As the clobe crew 


rger its gravity was able to prevent 


escape of part of this gas. The 
nket of the atmosphere began to form. 
At the same time, decay of radioactive 
nerals generated heat, internal pres 
sure in the growing earth increased and 
veloped more heat, easily fusible rocks 
ere changed to liquid in pock ‘TS, vol- 
noes were born, more gas was given to 
atmosphere. The water vapor in the 
ung air was multiplied until some of 
condensed as rain. Pools of water 
stood on the earth’s rocky surface. Low 
reas were eventually filled with water 
ind the oceans began their long careers. 
Life came as a natural result of favor- 
ible conditions. Its past has been a long 
struggle toward perfection. Its future 


may be gw! rious beyond even the dreams 
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THE AUTOCHTHONAL TALE OF JACK THE 
GIANT KILLER 


By HARRY B. WEISS 


NEW BRUNSWICK, N. J. 


IN spite of Cotton Mather’s exem- 
plary ‘‘Elizabeth Butcher’’ who, when 
she was two and a half years old, asked 
herself, ‘‘ What is my corrupt Nature?’ 
and answered herself, ‘‘It is empty of 
Grace, bent unto Sin, and that continu- 
ally,’’ and in spite of her practice, when 
she was six years old, of carrying ‘‘her 
Catechism or some other good Book to 
Bed with her,’’ and getting up early the 
next morning to read it—in spite of the 
example set by this pious little lady o 
Boston, New England must have har- 
bored a number of depraved little 
wretches who gave no heed to their cor- 
rupt natures and who took to bed with 
them, not catechisms, but copies of 
‘‘The Pleasant and Delightful History 
of Jack and the Giants.’’ And who 
could blame them when the title page 
promised ‘‘A full Aeeount of his Vic- 
torious Conquests over the North Coun- 
try Giants; destroying the inchanted 
Castle kept by Galligantus; dispers’d 
the fiery Griffins; put the Conjuror to 
Flight; and released not only many 
Knights and Ladies, but likewise a 
Duke’s Daughter, to whom he was hon- 
ourably married.’’ Giants, fiery griffins, 
conjurors, castles, knights and ladies— 
direct from Nottingham, Newcastle, 
Banbury and London—with pictures of 
Jack strangling the giants, playing 
tricks and otherwise performing strictly 


as advertised on the title page—all for 


one penny. 
Although it may seem incredible, 

there are actually some people so old 

that they either have forgotten the ad- 


ventures of Jack the Giant Killer, or 
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have him hopelessly confused with J 
and the Bean Stalk, and so for 
purpose of setting these unfortur 
straight, it may be well to re 
briefly, the ‘‘pleasant and delig 
history of Jack and the giants.’’ 
Jack, the son of a wealthy fan 
flourished during King Arthur’s 
in England, which country suff 
from the thieving propensities of 
of dumb but troublesome giants. | 
first adventure consisted in outwit! 
the giant Cormoran, of Mount Corny 
by digging a pit, into which Cor 
fell, and then neatly dispatching | 
a blow on the head from a pic! 
The news of this outrage reached 
giant Blunderboar, who lived in a 
chanted castle in Wales, and Jack 
unfortunate enough to fall into Blun 
boar’s hands. He was locked in a 1 
of the castle while Blunderboar hu 
up his brother so that both could « 
the killing. However, Jack found 
strong cords in his room, and whil 


giants were unlocking the gate, he ma 


aged to get running nooses over 
heads and of course they died 
strangulation. Next, a Welsh g1 
with two heads, who appeared frie! 
invited Jack to a room in his hous« 
Jack would surely have lost his 
the night had he not substituted a | 
of wood for himself, in bed, which | 
the giant struck with a great kh 
club. The next morning at bre 
Jack, instead of eating four gal! 
hasty pudding, managed to slip 
a leather bag under his coat, then 
ing the giant he would show him a t 


; 
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hung 


fremb] 




























en and the puddi: 


ripped the bag op 
plopped out. The giant, wishing to imi 
ate such a delightful trick, ripped op: 

is own S¢ robiculus corais, his 
end trullibubs’’ fell 

end of him. 

Jack then met King Arthur’s son and 

th of them visited a_ three-headed 
giant who had a tremendous reputation 

a fighter. Jack, however, so seared 

is giant by telling him that the King’s 
son with a thousand men was on his wa) 
to kill him, that the giant begged Jack 

ock him up in a vault until the princ 
ad departed. This Jack did and tl 
crateful giant prest nted him with a 

at which would make the wearer in 
visible, a pair of shoes of incredibl 
swiftness, a cap of knowledge and a 
sword which cut asunder whatever i 
struck. With this magic equipment. 
Jack outwits the evil spirits who had 
enchanted a beautiful lady, thereb: 
making it possible for the prince to wed 
her. All then return to the court of 
King Arthur, where Jack is received 
with acclaim and made one of the 
Knights of the Round Table. 

Jack then adopted giant-killing as a 
vocation, and after being supplied with 
money and a horse, he started out to rid 
the realm of ‘‘eruel and devouring mon- 
sters.’’ Against his magie trappings the 
giants did not have the vhost oft a 
He cut off giants’ legs, noses 
and heads, rescued worthy knights and 
fair ladies, distributed treasures, out- 
witted the two-headed Thunderful, au- 
thor of ‘‘Fe, Fi, Fo, Fum,”’’ ete., and 
sent his heads to King Arthur. But his 
crowning achievement was the slaugh- 
ter of Galligantus, who collaborated 
with a conjurer in transforming knights 
and ladies, including a duke’s daughter, 
into ‘“‘sundry shapes.’ 


chanee. 


Jack passed th 
fiery griffins, wearing his invisible coat, 
end having reached the gate of the 
astle he blew a golden trumpet whic! 
bung there. This caused the castle to 
tremble, and just as Galligantus stooped 
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out and that was 
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to pick u . ( 
him with his sw S ness 
the castle vai 

adies ssun e] rl 
Upon their return to Court of K 
Arthur, Jack m ed ike’s 1g 
ier ana lives I 
noble hou with ¢ 

This brie nd inadequate ] 
does not, of course, g 0 
J ck’s eunl ur el Lit ‘ , 
Ol his rea Wi! S ¢ Ing 
versations wilt the giants ot how 
liberated fair ladies, of how th Og 
ate men’s hearts and livers with p: 
and vinegar, of the dreadful shri 
which emanated from knights and ] 
being held by the hair of their heads 
the terribl pearance OF s rt 1 
giants, with eyes ov! fire and cheeks 
sides of bacon: ior these, one mu ( 
sult a version which has not been s 


ened by the Society for the Supervision 


of Children’s Reading, or whoever it 


that does such things. 
The oldest edition of this nursery tal 
appears to be one dated 1711, sup 


posedly in the British Museum, ent 
‘‘The History of Jack and the Giants 
(12mo. n.d.). ‘*The Second Part of 
Jack and the Giants, giving a full a 
count of his victorious Conquests over 
the North Country Giants, destroyir 


the Enchanted Castle kept by Gallig 
tus, dispers’d the Fiery Griffins, put 


the Conjuror to flight, and released not 


only many Knights and Ladies, but lik 


wise a Duke’s Daughter, to whom he was 
honourably married.’’ 12mo New 
eastle, 1711 Chis edition is illustrat 


by rude woodcuts, representing the in 
portant events of the history. The t: 
was current, however, long before 1711 
In ‘‘King Lear’’ (ec. 1605) Edgar 
Mad Tom says: 
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‘‘Have with you to Saffron 
1596, by Nash, there is men- 
apothegmatieall 


And in 
Walden,’’ 
tioned ‘‘a 
pedant who will finde matter 
dilate a whole daye of the first inven- 


precious 
inough to 


tion of 


Fy, fa, fum, 
I smell the bloud of an 


Englishman! ’’ 


that 
Killer was one of the 
upon King 
although 


Sir Franeis Palgrave believed 
Jack the Giant 
popular 
Arthur 


certain 


founded 
adventures, 


stories 
and his 
features of the latter are to be 
Asiatie tales. In 
d’Arthur’’ (1485), 


popular 
**Morte 


found in 
Malory’s 


Arthur’s fight with the giant of St. 
Michael’s Mount is told in frightful 
detail. 

Thenne the gloton anone starte vp and took¢ 


and smote at the 
le to the erthe and 
the kynge that he his 
bely and cutte of his genytours / that his guttes 
doune to the 


thenne the gyaunt threwe awey his clubbe 


a grete clubbe in 


kynge that h 


his hand 
is coronal fyll 
hytte hym ageyn carf 


and his entraylles fylle ground 
and 
caught the kynge in his armes that he crusshyd 


knelyd 


he lpe and com 


his rybbes Thenne the thre maydens 
and callyd to Cryst for 
Arthur An Arthur 


that he was other whyle 


doune 
forte of 


and wrong 


1 thenne weltred 


vnder and 


another tyme above / And so weltryng and 
walowynge they rolled doune the hylle / tyl 
they came to the see mark and ever as they 


soo weltred Arthur smote hym with his dag 
and it fortuned they can 
two knyghtes 


thenne when they sawe the kynge 


e to the place 
ke pte 


gar 
where as the were and 
Arthur hors 
fast in the gyaunts armes 
hym And thenne the ky! ve 
kaye to symte of the gyaunts hede 


sette 


the y came and losed 
commaunded syr 
and to 


it vpon a truncheon of a spere / and bere 


it to syr howel / and telle hym that his enemy 
was slayne. (Book V, chap. v.) 

Malory’s sources were French and 
English, and to them he added detail 


and his own interpretation. 

Although Arthur figures as a success- 
ful general in the ‘‘ Historia Britonum’’ 
(e. 810) Nennius, who expanded 
and redacted preexisting compilations, 
Geoffrey of Monmouth is usually called 


by 
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the father of Arthurian romance 
frey, for his ‘‘Historia Regum B: 
published about 


ording to L. 


niae,’’ 


his material, ac 


from 


contemporaries, William of Malm 
and Henry of Huntingdon, from 
the 


myth, 


Celtie 
saints, 


classical 


universal stock of folk-tales, local Br 
tradition, the Carolingian cycle, f 
facts of general history, and from 
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records, 
Celtic 
and 





1136, 


legends 


in the life about him.’’ 


In chapter III, 


toria,’’ 


Michael] 


Helena, niece 


The King 


and 


swiftly as 


with him, ar 
club. But tl 
tions, had alrea 
King upon tl 


buffet as that 


whole sh< re, 
But 
wrath, lifted 
upon 
gushed forth 
as well-nigh 


blow was 


forehead with 


being killed 
was with the 
eth on more 


boar rushet] 


thrust he 


sword, gripped 


him to h 5 
Arthur, not! 
his clutches, 
his sword, 

one plac al 
no respite 


buffet on the 


breadth of h 
horred beast 


mighty crasl 


in the fury of the 
brake out on 


off his head 


King 
the 


covering 


hurry 


Arthur, the 


his fore 


s sword 


viant 
of Duke Hoel. 


wit 
wit 
, 
eve T 
+ 


Book : of 
Arthur 


meets 


had 


who 


blaz yr out 

il 1 I ilt 
whe 

Lee l eves 

s sight H 

for he l 

in su s 


his lay upon a! 


thin 


m by the s 

p the g d. 
4 . SOU = 
swiftly bestirring 
the accursed 


Qive 


until at last 


the sweep of 


he Ss ote hi 
head, and buried 
1 in his brain-] 
1 aloud and droy 
an oak torn uJ 
winds. Thereupor 
hing, bidding Bed 


it to one of 


to earry to the camp as a rare s) 


seers, 


Biblieal 


Scandinavian 
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English versi 

s also said to | 

the story of Corin 

in Geoffre 's 

of Britain.”’ 

is been stated that 

f Jack the Giant Killer in western 
robably the account of Thor and 
t Skrymir, found in the collec 
he celebrated Icelandic historian, 


Sturluson. known as ‘** Edda 
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JACK THE GIANT-KILLER. 


HISTORY 
TANT 





Im \~r 
pe th APRS es a Se! 4 
+ ue : 


giants, who could not defend th selves; and, draw 


covered wit ul nd bones « e dead He then broug! own sword, he slew them both, and so delivered hi 
him into a large parlot v the blood and quarters their intended cruelty Then taking the bunch of | 
ome lately sla nd e next roo were hearts ar entered the castle, where he found three ladies ¢ 
im, said that men's hearts the hair of their heads, and almost starved to deat! 
were Jack that their husbands had been slain by the gia 
pepper and vinevar ; adding, that he did not question but his who had been kept many days without food, in order t 
heart would make him a curious breakfast them to eat the fle.h of their murdered husbands 
This saying, he locked ap poor Jack in an upper room, could not do if they were starved to death Sweet | 
leaving him there. while he went to fetch another Giant, who Jack, 1 have now destroyed the monster and his brutal t 
might partake of the de- by which means I have obtained your liberties. TT! 
structivn of honest Jack be presented them the keys, and proceeded on his 
Jack, ready to run distracted, went to the window, and Wales. 
opened the casement aud beheld beth of the two giants Jack having got but little money, he thouyht 
¢ ming together. Now, said Jack to himself, my death or travel hard ; but, losing his way, he was benighted, a 
dehverance is at hand. There were two strong cords in the not get a place of enterta nment, until, coming to a va 
room by him, at the end of each of which he made a noose, tween two hills, he found a large house in a loneson 
and as the giants were unlocking the gate, he threw one of and by reason of his present necessity, he took co 
the ropes over each of the viants’ heads, and then threw the knock at the gate; but, to his amazement, out came 
ether end across a beam, where he pulled with all his might, estrous giant with two heads. He did not seem so f 
till he had throttled them. Aud then, fastening the rope to the other two, for he was a Welch giant, and al 
a beam, he beheld the two giants both black in the face, and was by secret malice, under the false shew 
aliding down the rope, he came to the heads of the helpless On Jack telling him his condition, he bade him w 


terror ; 
nse 


livers; when the Giant to terrify 
his f urite iet, which most commonly he ate with 


lived in the same wood, that he 
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again awakens and asks if an acorn has 
not fallen on his head. <A third time, 
Thor buries his hammer in the giant’s 
cheek, with the result that Skrymir again 
is aroused from his sleep and asks if 
some moss has not fallen on him. Later 


in the tale it appears that in every case 


the sly Skrymir had substituted a rock 


for his person and so escaped the blows 

from Thor’s hammer. This story 1s 

similar to that of Jack’s adventure with 

the Welsh giant, and Ashton cites this 

similarity as part of the proof of the 

northern origin of Jack the Giant Killer 

As for Jack’s coat which rendered him Thomas Keightlev. who wrot 
invisible, his cap of knowledge, his shoes pefore Ashton. ealled attention 
of swiftness and his miraculously sharp fact that Jack’s strategy. in subst 
sword, Ashton states: a stick of wood for himself dw 


T adventure with the Welsh giant 
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liar to English giant-killers, but was 9 which th 
d also in the folk-tales of other coun of his tricks 
‘les In addition to the taecties of spend the nig 
rvmir, Keightlev mentions the Ger- was smart en 
“Brave Tailorling’’ (**Das tapfere but to hid 
Schineiderlein’”’ which deals with the was well that 
ntures of a little tailor who had came in dur 
| seven flies on his bread, all at one jron elub str 
and who was so proud of this that the club throug! 
inted the whole world to know — ealline attent 
it, although he was careful to of the giant Skrvn 
nly that he had killed seven, not suggests thy 
ng what the seven had been. At Killer hay 
ginning of his travels he met a by Anglo 
tting on the top of a mountain, way of **' 
er a comparison of feats in which Giants,’ 


int and tailor performed and in 
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same keels and warships which 
Hlengist Hlorsa. and Ebba 
t 450 $55. 


supposedly about 
‘substitution’’ 


the ver 
conveved and 
the 


lHlowever. the 


saXxol 
device of *“"s 
more distant 
s is noted by Keigl tley 
‘*Ameen of 


S ipposedly 


folk-tales of 
t} 
Persian 
the 
Ameen 


story. 


Isfahan and Ghool.’’ 


India 


SHVeCS 


from 


substitution of a pillow for himself, in 
bed. escaping a terrible blow rom the 
Ghool’s walking-stick which was as big 


as the trunk of a tree 

In Perrault’s tale of ‘L ’Adroite 
Princesse Finetta manufactures a 
straw figure into which she puts a blad 


Substituting this figu 
bed. the 


der ot blood 


tor hers : In she CSCa pes 


sword of the prince. And in Giambat 


‘Sapla 


Pentamerone ¢ 


the Glutton,’’ 


called, 


Basile’s 


Naples 


tista 
1637 
f t] 


heroine ol 1) makes a 


e tale 


and sugar sce) 


sf) 
ted wi 
places between the bed 


behind 


Sapla 


figure of pastry 


This she 


MUSK 


ind then hides herself 
The 
In ich cause tor 
his heart and plunges a 


So terrible 


sheets 


scree orre, whom 


prince z 


had given worry, enters 


with murder in 


dagger into the confection. 


was he. that. desiring even to drink her 


blood, he 


its sweetness and 


but tasting 


he 


is overcome for having killed so sweet a 


life 


the dagger, 


licks 


the scent O©F MUSK, 


his own 


forth to 


virl and would have taken 


on the spot had not Sapia come 
him 

According 
circumstances of ‘‘ Ameen of Isfahan and 
the ‘*The Brave Tailorling’”’ 
and of **‘The Goat and the 
of the ‘*The Panchatantra,’’ 
which shape in India 
Arabia. 


and 


console 
Keightley, most of the 


TO 
ear 


Lion,’’ one 


stories in 
assumed and 
h 
and European 
already old tales were supposedly com 
posed about 200 B. C. in 
n ‘‘The Lion and the Ass,’’ 


Mrs. E. 


through Persia, Syria 


spread 
countries whose 
Kashmir, are 
one 


M. 


found i 
‘The Child and Book,’’ by 


Fi ld 
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of the tales in Stri 


Nights.’ 
that the 
Ass”’ or! 

In 


IX, pp. 515-16, 1866), H. ¢ 
the opinion that the earliest 
Jack the Giant Killer in Wes 
lore was probably the t oO 
the giant Skrymir, and stated 
the East every Hindu school-b 


of Beeman. one of the fi Par 
his giant-killine adventures ! 
being first mentioned in t! 
rata,’’ writtel t st 240 B 
also stated that tl words, **F 
fum, | smell the blood n 
paralleled na couplet spy 
giantess in a Mohammedat 
‘*Sunebal eolden-han 
Ovcress.’’ which |] ad 7 
India, 

Although there is S c 
element in Jack the Giant Kil 
the strictiv easter! iles ¢ i 
ete., giant legends l ( mo} 
and Europe The nnibalis 
clothed. st Ipld Giants rmed 
and stones, may | been tl 
tribes transformed int ola) 
folk-lore of those who conque} 

From the summary het 
sented, on may make tl 
indefinite statement that Jael 


Killer is apparently ol 
probably l 


Origin a 


Englane 


Folk-t 


tributed 


another and from one 


and fro 
IS otten 
dence 1 


native o 


tales are 


in 
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almost 
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THE STORY OF THE LIBRARY AT LOUVAIN 


By Dr. FRANK PIERREPONT GRAVES 


CO) 


American 
the U 


versity of Louvain has been centered in 


To judge from the 


press, 


interest in the new library at nl 


roposed inscription 
This 


diruta 


the dispute over 
the 


read, 


a | 
balustrade Inseription 


no vrestituta, 


" 
Mion dono 


america which Was Com 


translated, ‘*Destroved by Ger 
fury 
generosity, ”’ 
the old question 
be.’’ To the 
seemed abhorrent to immortalize 
stone the fact that the building had been 
and thus 
\s 
too, the university 


de 


er part of the 


monly 


man and restored by American 


raised 
TO 
it 


and the controversy 
ot he 


university authorities 


0 or not 


in 


‘*destroved by German fury,”’ 


maintain forever the spirit of 
matter of facet. 
that had 


stroved was in quite anoth 


war, 
a 
building actually been 
town and had already been marked with 
an inscription. 

of -the American 


with the university 


Representatives 
at 
In opposing such a perpetuation of hate 
In the 
second clause almost as distasteful as the 
first. Whatever other nations may think 
of do de 
sire to blazon their good deeds from the 
The National Committee for 


the Restoration of Louvain, the Carnegie 


donors were one 


addition, most of them found 


Americans In general not 


us, 
housetops 
Endowment for International Peace and 


the Relief 


which had collectively 


Belgium, 
the build 
ing possible, all held that the decision 


(Commission for in 


made 


as to what the character of the building 
should be rested entirely in the jurisdic- 
tion of the university authorities, and as 
far as American contributors were con- 
cerned, an inseription of the sort pro- 
could not meet with 


posed possibly 


approval. 


134 


But the tale 
Whitney W 
tT! 


library, 


is lieht 


matters 1n iv 


modifieatio 


withdrawal or 


scription would ruin 


that as its artificer he 
to determine 
To 


scription, he 


portion 
ance 
declared 
Cardinal 


, 
inspired the 
i 


approved by 
who first 
library 


university ane 


a 
shibhboleth to Americans 


The ] 


once 


a 


] 
alike. lationalists 


vlans at espoused 


architect and violently 


rector of the university in 
that 


The HHL PUSS! 


difference of opinion | 


as 


spectaculal and has attract 


‘ans ©' 
the 


Incident 


tion of Ameri 
eontroversv ove! 
reality a small 

? 


national event if 


shadowing importance 


d eheited 
not 


pathy and al 


university only 


States but from 


world as well The 
dered. regrettable as 


insignificance when 


dedication of such a mage 


ing, testifving to our 
Louvain and enabling it to 
work through the 


story is worth narrating 
esque setting 
I 
In the first place, no one 
of the 
eivilization connected 
ot and 


minimizing outrage 


with 
its 


tion Louvain 


2) ; } 
ro;nowed 


compared 


adn l 


bh «at 


compte 


nit 


pes) f 


Cont 


comme centul 


1] 


wou 
] 

and 

, 

the a 


me 
aiill 
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Desiderius Erasn IS. 


} 


i¢ friends, and by | 


+] et 
Louvain to a position of supren 
secona Only ari (other dis 
shed humanists, li "ives, Reseius 
were tracted by the 
wave the tution, and 
close of ixteent! 
throug] 
protessor, Justus Lipsius 
me to have fitts two colleves 
some six thousand students 
Similarly, during every succeeding 
och in educational progress, this in 
tion became the home of some of the 
reputed scholars f the time 
when science val awake) 
t Vesalius, the founder of moden 
tomy, Dodoens, the anist, and 
or, who left a gy jmpressiol 
m geography. Over lestinies 
ivain in the seventeent] 
Cornelius Jansen, who formula 
ol the Trew unique systems 
iwht the world has known Whil 
ring the next century the universit: 
in numbers and reputation and was 
for a time during the disturbed 
he French Revolution, it was 
d during the nineteenth century 


irgely recovered its high standin 
ence, literature and polities. Its 


i¢ investigations have now a wid 


While poorly endowed, it has 


irS maintained the largest insti 
cancer research in the world, and 
mong the leading universities in 
vancement of engineering and demon, and 


ire. It has become the nursery rurious 
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on, the sympathy and comme 


ot the | nited States 


vilized nations began to mani 


selves Etforts a 


1 reparat 


started almost immediately 


the 


and 


destrue 


mn human 
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As an out 


other 
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; 
e 
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Lou 


commil 


the Oewrre nrernawt dl ode 


1) 


formed, with national 


and by the time 


first w f the new hbrary 


eon pleted books ready 


had already into hundreds 
The 

lew building w 
Ameriea The fi halt 
this purpose wv “dd by our 
the ¢ 


direction Ol 


run 


t] honor of construct 


ousands 


ng a suitable 1 


as con 


to first mil 


ceded 


ion for rails 


as 


National Committee and arnegie 





\ VIEW OF 
FROM TIHil 


Endowment, under the 


N 


slhia 


THE TOW! 


‘holas Murray Butler, mostly through PRON 


1] contributions. but eitts ot eonsid 


rable size had later to be raised to com- T resultine 
eCSULTING 


ie building 
ete the necessary million and the hun donations is a triumph in ar 
red thousand additional needed for up t it has been di 
eep Here t 


the ¢ 


bv a happy though 
he largest contribution was 
Rehetf 


Belgium, of which Herbert Hoover was 


in complete harmony wit! 


made by ommission for mM and sixteenth 


eenturs 


town, and while from 
The president ITS MOSTTNY 


tectural beauty and 
the Place Py unple 11 


surrounding country, it fi 





! 
au aon 


tS 


Into The perspec 


naturally 


architect has laid ide all 


as 


traditions and likewise 


avoided 


tation to indulge in columns and 


orders, and has created a building 


the Flemish 


feature Is the 


stvle of Renaissant 


characteristic wid 


ths 


logaqia, or CoV ered areade, Wi 


arches. whieh underlies. the 








facade 
The 


sculptures, bas-reliefs, busts and s 


itself is adorn 


} 
facade 


which are both memorial and 


x) 


The central motif is the armed 
Clad in a cuirass, she wears on | 
the poilu’s helmet, and her rig! 
rests upon the sword of the ©1 


Hols 


flan 


while her left supports the 
Lady of Victories 


THE TOWER 
THE SIDE 


A VIEW OF 


FROM Our 





Mercier 
racetul tow 


the carillon 


mropri 
pliment to 
tor the fourth of 
sitor entered Louvain on 
it appeared ablaze 
tion The emblems ol the 
and France were everywhere 
ngled with those of Belgium and 
University of Louvain Nearly 


house in the medieva 


fae 
“tl Goth 

phony or ecoior 
in front of the ‘w library, 
the ceremonies were be held. 
men were until the last moment 
fving the grounds and preparing 
or the celebration Facing soutl 
the library there had heen 
for the notables of the occasion 


‘tribune’’ of honor. fitted 


purple velvet and gold fringe 


site the tribune and much nearer 


ary a platform had been built C 
speakers and equipped with a nuncio 
+hone that carried to all parts of the personages 
Ss In the center of the enclosurs The other e] 
n the pavilion and the speakers’ cupied by 
a elireular plot ol paim trees ne the KF) 
nh tasteful i arranged, On the vian ambassad 


d left of the triibum and at right ers ot 


1? 


to it hundreds of chairs were re- chairs neat 
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renerats 
grovernor 


iit these 


tomobil 
nad princess 
psent 


ondue 


both the 

he building, 
fving them wit 
the voungest 

dd the rather 
ng the spiral staircas: 
l blessing the 
sion of is ceremony 

d forth a chant of glory 

n and a seleet choir from 


ools raised sweet voun 


ate of Peter Benoit’s 

i came the addresses 

ves of the American donors 
ior Hugh S. Gibson, repre 
ver rivers. spoke first 

s he delivered to th: 

key to the new library 

ause and 


rnal for immense appl 


sides came vigorous cer 


imerique!”’ Fron the 








0 occur 
more 


‘all the 


ree 
r) 


stroved,. To ae 


War 


more 
all 
ot a 


intellectual 


‘Ypression of 


Hy 


he affair 
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‘rated. Nothing further is likely 
It is natural for some of the 

who vividly 
which the 
ersity of Louvain was ruthlessly de- 


have But the 


impulsive Belgians, 


circumstances under 
t as the 
is over and should never be revived. 
goes deeper and includes far an 
form ot 


sympathy and cooperation 


from 


modern 


complete C1VI 


MONTHLY 


most ol 


TO forget War 1) 
them 
and urges us forward 


ment of permane 


international e) 


Louvain deserves 


than a squabble over the 
inscription. It involves the history ferences at Thi 
university world renowned and an Locarno, and 
force for a half millennium matches with tha 
of civilization. [It embodies a substantial the League of Na 


disarmaments 


times. It 


t i 
(if 


uriles, 


It repudiates the spirit ¢ 


owal T 
nt peace Bate 
mm ort 
+] ] 
e] tl! eel 
oO ral Witl 
I] File (re) 
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By THOS. E. SNYDER 


arehnitects ong bye one 


man on earth and then 


mound nest 


mah), { ow, hut-lil 


int 
lorry skvserapers on and 
ground as present man 


have hot only 


eonstructed 
ve rammed earth o1 


houses but we Vv" 


hedding pagodas 
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and dead forest trees. In the intestines in 
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sodded SOll. 


which they obtain from both living and forest 
few forest insects that attack both living lative building, 


f most termites are a living fauna and _ buildings 


ZVmMes which digest the cellulose of wood States, 
for the termites; without the protozoa constructed 
the termites can not live. The role of woodwork 
the Amoebae, Spirochaetes, ete., in the eround, 


intestines of termites is not as well entrance 


With the clearing of forest land and © struction, 


increasing cultivation of the fields and may greatly damage tl 


creasingly destructive to the buildings detected. 
and erops of man. The balance of man 





The chief food of termites is cellulose, of the breeding places ot 


dead vegetation; termites are among the ing operations by man, especia 


has bee n 


ot term) 


flora of great diversity present in enor Owing to lack of 

mous numbers. Protozoa (Flagellates), destructiveness of our forty-two 
Amoebae, Spirochaetes and fungi occur. of termites or white ants, 

Thes« odd-shaped protozoa eontain en distribution throughout 


buildings are otten 


erecte d 


rectly In contact 
ving the way 0] 
subterranean termit: 
known In consequence of such impro] 


rmites burrow 


termites or white ants have become in- of the building before their pres 


a great 


moderate salary 


nature has been upset by the destruction large initial outlay on a 
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ed 
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one or two years, be forced to ex- 
several hundred dollars additional 
construct the building to eliminate 


repairing termite 


tes The cost ot 
ut TO 


er attack averages from $500 to 


buildings and preventing 


some Cases 1s as high as 


Often the 


<2.000, but in 
£10.000 to $25,000. expendi 
of a few hundred dollars additional 
ng the construction of a building to 


der it termite proof would save 


wands later necessary for repairs 


——__——_———————— 
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TERMITES IN THE UNITED STATES 
Despite popular opinion, practically 
e termite the United 


native species and 


damage in 





is done by 
serious damage oceurs throughout 
United States, the Gulf States. 
the Central West and the 


est, 
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attack wood indirectly from 


with which they must maintain contact, 


+ 


to obtain the moisture so 
their Figs. 9-12 

termites are widely distributed through 
out the United States, 
which they damage buildings. 


life Subterranean 


over 


Non-subterranean termites never bur 
earth, but attack 
13, 14 they do not re- 
quire much moisture and will survive in 
than the 10 
air-dried 


row in the wood 


as 
I: igs. 


directly 


wood with less per eent 


moisture content of wood: 
small 
their 


pellets of digested wood betray 
Fig. 15 These 


termites are not widely 


presence 
2 pow der-post si 


distributed and damage to buildings 


only oceurs in that half-moon of country 
from Nor 


slack line drawn 


to San 


between a 
folk, Va.., Francisco, Calif. 
AGAINST SUBTERRANEAN 
TERMITES 

The effective 
ventive and remedy is the proper con- 
with the 


INSULATION 


only permanent pre- 


building 


struction of the 





the earth, 


necessary to 


most of 





OUS QUE! 





habits of 


knowledge of the 


and the specific that will « W 
them. This specific against 8 0 
nean termites is ‘‘insulation’’ 


intreated woodwork from conta 


the ground; it can be ! 


aceo 


by the use of stone, concrete 


foundations and lower flooring 


use of foundation timbers impr 


with coal-tar creosote and met 
mite shields. The greatest port 
all termites which damage b 
in the United States is of 


ranean habit; if they can 


woodwork ro 


from reaching 

ground they fan not survive 
building. Also, if present in a b 
after all untreated wood, such as 
wooden floors, sills, ete., has b 
moved from contact with th 
they will die out, «e., dry up. 





the termites have penetrated 
height of several stories in the b 
They 


ture supply in the 





have been cut off from thi 





eround, W 





necessary for their life. 
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In 1925 

ave build 

termite ai 

é Burlington 
) hs made to hay 
t ; ' hn contact 


such timbe 


A CLOSER VIEW OF ri tar creosote 


OF THE TERMITES rl] Recently t] urea ‘ntomoloe 
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ture 
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been widely advocating the slight modi 
fication of the building regulations o! 
various cities so as to include simple 
rules to prevent attack by these insects 
This educational propaganda addressed 
to city engineers has been conducted 
with the assistance of the National Lum 
ber Manufacturers’ Association, the 
United States Department of Commerce, 
Lumber Division of the Bureau of Fo 
eign and Domestic Commeree, — th 
(merican W ood Preservers’ Association 
and the Associated Press. The Nationa 


Wood Utilization Commission appointed 








done by TX rmites: tl IS 


advoeated a bui ding code cont 


‘ 


fourteen points relating to termil 


Ti 


trol. Eighty per cent. of 





buildings in New Orleans 


damaged by termites and 50 


the business buildings 


Calif., some dangerously 


INFES 


by President Coolidge, with secretary annually inflict a million do 


Hoover as chairman, has an ant-proofing age to buildings in Illinois 


campaign on its program, which will ington, D. C., damage to gov 
receive early action. and privately owned buildings 

Termite-proofing building campaigns 
have been advised in certain cities sim- 
ilar to that conducted by the Publie 
Health Service in rat-proofing. Indeed 
rat-proofing, fire stops and the preven 
tion of decay and insect damage can all 
be effected by similar methods. 

In rural regions, where there are no 
building codes or chambers of com 
meree, the educational work can be con- 
dueted by prominent eitizens with the 14 errs ae 

. ° TREATED WOODEN 
help of county agricultural agents. cies Cikciienaiiia, ee anh imiimeinniees 
In Honolulu, Hawaii, a million dol-  pyese rermires arrack THI 


lars is the annual damage to buildings AND DO NOT BURROW IN THE GROl 





TERMITES AND ARCHITECT! 


s to be Serious Shghtly modified 
entire west coast. 


m Seattle to San Diego, 


uiding codes for the 


have been 
nsidered by the Pacifie Coast Building 
ot Long Beaeh 
lif. New Orleans | 


ficials Conference, 


las recently 
ypted termite-proofing measures in its 
lding code. Similar serious damagt 
ws in southern Florida and in the 


ithwestern states. The aim of the 


is standardized 
codes tor all the 


gions where termite damag 


au of Entomology 

fied building r 
elation and assock 

IS Se@TrlOUS . 

Ssuitation witli 


Hits SMALL HovuSEHOLDER 


While special effort has been made to 
t the small householder 


serve 
building 
rotee from 


untreat 
cone ;nre tT 
eonerete 


4] 
trom tie 





mortar 

le} ‘ 
SUBTERRANEAN TERMITES ( Reticuli In Making 
vipes KOL.) PENETRATING LIME MOI cellar wi 
BRICK FOUNDATION OF BUILDIN( \ with the 
WASHINGTON, D. C., 


Ca 


to penetrat 
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vears’ service. For greate 
brick work extending below the su 
of the ground should b faced 
capped with concrete at least on 
thick. Metal termite guards shou 
provided between the earth and t 
foundation timbers, stone, brick 
erete foundations. Termites co 
over impenetrable substances eart 
shelter tubes (Fig. 18) of small d 
ter, through which they travel to 
untreated wood. In consequenc 
ean be kept out of buildings by 1 











H-LIKE SHEI I TUBES CON 
STERRANEAN TER) Reticuli 


INFESTED FI ING OVER UP 





WOODEN BER AND BRICK 


ING, SAN Francisco, CALIrF. 














of metal barriers. By simply ins 


Photograph by Wm. McKay a sheet of galvanized iron, zine 0 


COAL BARGE INFESTED BY SUBTEI per or ‘*termite shield’’ into tl 
RANEAN TERMITES IN THI RBOR AT HONOLULU, sonry and turning the projecting 
HAWAU. SOME DIRT WAS LODGED ALONG THE downward at an angle. commu 
BOTTOM, BUT MUCH MOISTURE WAS PRESENT. of termites with the earth, whet 


PROBABLY rit INFESTATION OCCURRED BY obtain moisture, can be eut off. 


WINGED ADULTS FLYING TO THIS BOAT. SUCH . . . . 4 
pretentious frame buildings, met: 
A BOAT WOULD BE A SOURCE OF DANGER AT PORTS 


are placed over the tops oft const 
OF CALL WHEN THESE FLYING ADULTS WOULD -: “1 

one nilng or 1iiars, rr woods 
EMERGE FROM THE WOOD AND SPREAD THE TER stone piling , . os 
ports. 


MITE. INCIDENTALLY rHIS rERMITE (Copto 
rhis is a similar method to th: 


termes SP.) WAS INTRODUCED FROM FORMOSA, 


JAPAN. Repairs cost $5,000. in rat-proofing corn eribs. It 
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T 


ve and practicable where untreated should insist on 
founda guard It will pay 


timber is placed over masonry 


Tons These shields need not be uh There are three prince mp: 


but ean be made decorative. insulation ol intreated Woody 


slight modifieations of e¢ the earth, metal termite shi 


ulding reeulations of cities by city off the shelter tubes and treatn 


engineers would save much property : interior woodwork and furniture 
well as the time and worry to hous preservatives. The latter recomn 
rs, It is a form of house insur tion 1s only essential in the Gulf Stat 


A prospective home builder Southwest and sout! California 





FRESH-WATER SPONGES IN WINTER 


By Dr. ANN H. MORGAN 


MOUNT HOLYOKE COLLEGI 


THERE were nearly twenty animals on takably like those of 
one stone—caddis worms, mayflies, water But the winter sponges hi 
pennies, planarians, Bryozoans and _ of their animal relations. 
sponges; they were creeping and _ like so many fig-seeds held to the 


sprawling, clinging or stuck fast, each in a bed of bristles. The bristles 


according to its kind. Yet it was in the’ the spicules, the skeleton remains 0 
middle of January and the stone had summer colony, and the seed like sp 


been pulled through a hole in ice which were the gemmules or * bu 
was two inches thick. Even in a shal- the sponge. Gemmules are litth 
low brook like that things were far from of sponge cells, literally samples 
frozen, and although one animal popula- sponge, which ean grow into a com 
tion had dug down into the bottom, an- colony when there is a proper st 
other had stayed up in the water from the warm water of spring. 
swimming and clambering after food, Gemmules may look nothing 
making nets and waiting for their ecateh. sponges, but they will do so speed 
Most of these were young animals whose’ they are given a chance. Those v 
rapid growth would begin in February are shown in these photographs 
when the early spring food supply be- taken from a shallow brook com, 
came abundant in the brocks. This frozen over, in January. They 
community in winter resembled a simi- crowded among the spicules ho 
lar one in spring, the bronze copper them to the stones, and no bette 
pennies looked like themselves, only ture ot elustered fig seeds eould 
smaller, and the Mayflies were unmis- been wanted. But a lens revealed | 








THESE ARE LIVING ANIMALS 
FRESH-WATER SPONGES IN WINTER. MAGNIFIED TWELVE TIMES. 
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FRESH-WATER SPONGES IN WINTER 


COLONIES GROWING ON 
IN JANUARY 
— flourishing 
EY HAVE \ ‘ I Vy : = 
Sands ol ce 


and gastral eay 
ile-covered shells with the on: smal days the transpa 


In each juite invisible To the naked ones had spread 


Some of them were seraped from glass and run tog 
rock, taken into the house and mule shells wer 
ito a dish of water which was set the separate coloni 
ar the window, but outside the path of like pipes had gré 
rect sunlight. Pieces of clean 


I olass osteoles at tl elr Ton 











SPONGE COLONY 
GROWING UPON A STONE IN SUMMER. NA 
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SEVEN DAYS AFTER THE SEED-LIKE GEMMULES 
WERE TAKEN FROM THE BROOK 
MAGN 


were stretched thin at their swollen common Spongillas, are low cus 
knob-like ends but did not yet have cells whose surfaces are pier 
any openings — there Canals and thousands of minute pores, 
chambers forming beneath the sur- hundreds of larger holes, thu 
face began to show as transparent mounted upon little peaks abov 
streaks and spots and finally the glass- tace level. The pores lead into 
ike spicules began to appear in clusters, the already mentioned chamb 
visible through a hand lens along the showing as transparent streaks 
transparent border ot the colony. When sponge. Water is drawn into 
carmine, a very fine red powder, was called dermal chambers and on 
scattered lightly over the colony it minute incurrent canals whic 
rested on the surface only a very short into still another series of very 
time before a few particles of it, prob- numerous chambers out ot 
ably the very finest, came out on the passes by other small channels 
gentle currents of water which were is- current canals. These converg 
suing from every osteole This too gastral chamber from which it 
could be seen with a hand lens and was _ passed by way of the osteole t 
enough to show that the little patch of side. It was these currents o 


cells was already earrving on the activi- from the osteoles that brought 


ticles of carmine carried throug 


ties of a sponge. Although it was still 
smaller than the head of a carpet tack these passages after it had 
and had been growing outside the gem- tered upon the surface of the 
mule shell for only six days it now both ony. Thus water carrying thi 
looked and behaved like a sponge colony. oxygen supply passes in a sté 
In order to understand either the rent, as long as the sponge lives 
anatomy or the activities of sponges it the pores to the dermal cham! 
would be necessary to study young and through the incurrent canals 
full-grown colonies very carefully. Ma- adjoining small chambers thr 


ture fresh-water sponges, such as the exeurrent canals and into the 








FRESH-WATER SPONGES IN WINTER 


ver to its final exit by way of the of the dried on 
are used TO sé 

summers] are much more full of holes lik 

euous than in winter, but they do squeeze dry 

e which is so spectacular as this give off ft 

ot orowt! in the new colony. 

water sponges grow in many lakes The Spongillas 

rrooks, beneath lily pads, on the but very inconsp 

rsides of floating sticks and over the of Spongilla thes w 


s ol brook beds. It the water is the alr as foul 


] mature Sponge 


dy or earries a load of dropping 

ticles. their pores become clogged and tennae and 

are starved and smothered, but ‘Mentify them 
bears oxvgen to them and small, never more 

an inch tong 

with faint 

their backs 

sticking out fron 

debris and broken 

these bristles and 

their bodies 

Ways they al 

they fill their 

so become literally sponge colored 

as well as outsi No one could 

a more convincing camouflag 

young spong! 

way down into 

resting there 


1 


full view, but be quite invisibl 


BEGINNINGS OF THE SKELETON careful scrutiny through a lens 
only when it clambers over the 
LESOF HYDROUS SILICA (OPAI 


that it may be caught. and even 
MAGNIPFII 


IS much more like a piece OT Spo 


legs than like an insect 


In early fall the Spongilla 
sufficient food supply, either dissolved — like the rest of the fresh-wat 
ol microscopic plants and animals by vin to shrink ai d shrivel 
Sponges flourish under these eonditions October and November many ot 
nd are abundant in many waters. have died and the spicules are 
Colonies of Spongilla and other But other cells have been draw) 
mmon fresh-water sponges often mea- in closely packed balls and hav 
several inches in extent, while a protecting crust about themselves 
ll others form clumps as large as a They have become the gemmules 
| measure. The Spongillas which winter buds These gemmules 
in direct sunshine are soft green winter representatives of fres 
‘n brilliant green with chlorophyll, sponges, and are seed-like in 
dividuals of the same species hid- and behavior; like seeds ; 
eneath rocks or even shaded by dure hard weather, but ; sensitive 
banks are straw colored or creamy to changes that they will start to grow 
The pale ones are more easily with any encouragement from warmth 


zed as sponges; they are the color and fresh water 





CLIMATOLOGY AND SOME OF ITS 
APPLICATIONS 


3y Professor ROBERT DeC. WARD 


TH Wol 


TO slope or meline 


1 , 
(,reeks, doubtless | | \ al lel 


ence to the angie ot 1 sun's ravs It 


nrst, slmpiv a mathematical o1 
astronomical term, not associated 

v idea ol} physical climate as we 

ise the word to-day. An excellent i] 
lustration of the ancient meaning ol 
Klima is found in the system ol climates 
proposed by the famous geographer, 
Ptolemy This was a division ol the 
earth’s surtace between equator and 
north pole into a series of Alimata, or 
parallel Zones, separated by latitude 
cireles and differing from one anothe 
simply in the length ot the longest day 
A change of one’s Klima in those days 
simply meant a change of latitude 
Such a change of position on the earth’s 
surface was, however, gradually seen to 
mean a change in atmospherie condi 
tion as well as in the length of day. 
Thus Klima came to have tS present 
meaning Even in their own country 
with its rugged topography the Greeks 
surely observed In very early times that 
southern slope ‘ exposures have cer 
tain climatic advantages over northern 
slopes The conception of Klima as 
merely indicating the inclination of the 
sun’s rays must therefore inevitably 
soon have been given up in favor of the 
larger definition. Cl mate, as we now 
use the term, is the sum-total of the 
weather phenomena that characterize 
1 Introductory lecture a cour m **Man 
and his Climate,’’ given before the Lowell 


Institute, Boston, November 19, 1928. 
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Wha 

phase in 

whose complete 

ereater or less 

makes up the 

Weathe chang 

Climate, then, is ¢ 

the sum-total ol 

tology is the study or science o 
There is much misust 

weather and elimat To 

ean say, ‘‘The weather 

rainy in May, 1928,”” or 

was cool in the early part 

1928.°’ We ean also correct! 

the ‘‘winter climate of New E1 

eold and snowy,’’ although 

1928, may have been relative 

and ‘‘open.’’ It is, however, 

to Say, cal climate oO! Bosto 

and rainy in May, 1928.”’ \s 

we speak of the atmospheric « 
if a single period of time, we 1 


} 
} 


the word weather 


RELATIONS OF METEOROLOGY 
(*LIMATOLOGY 


Meteorology id climatology 
terdependent is impossibl 
tinguish sharply between then 
needs the results obtained by 1 
Meteorology is the more com] 
term. It is the science ot 1 
atmosphere. Meaning, litera! 

] 


eussion or deseription ol 


} 
4 


pended, or supra-terrestrial, 
nally, as in Aristotle’s first tre 
meteorology, included within 


not only the atmospheric condit 





CLIMATOLOGY 


meteo! 

composit 

subjects as wel 
ology now d 
atmosphere 


I 


; 


excep vers 


individua 


their 


Most 
import 


CONnCCTILS We at he } 


made at tl san 
hen the term meteoro og) 
oadest sense, climatology is a sub 
sion of meteorology (Climatology Is 
vel dese Iptive It a to give 
da picture as possibl 
n of the various atm 


mena at any plac on t| 


Its unit is therefore 
ist stated, time is the fundamenta 
t in meteorology The 
weather forecaster is 
orrow’s weather, as wel 
ght of our present knowled 
tolog:st, on the other hand. 
terms of averages what the general o dustry 
atmospheric eonditions in any reeords 
ty are like ly to b a’ any season ol meteorology 
month. as inferred from past ex contributes to 
ce, This IS Ih ho Sens a long ( imatology oO 
lorecast. It is simply a pieture imatologyv re: 


under normal conditions, may ne ploneers 


‘ ibly be expected ("| matolog, auate acl] 


sts upon physies and geography, the lly kept cir daily reeords 


being a very prominent factor earlier vea 0 country 's 


(OLOgV may perhaps well he at Names th; mia bye remem! 
Ss geographical meteorology. Its those of th \ id John ¢ 
hject is to be of practical service who in 164445, at the Swed 


Its method of treatment lays near Wilmington iware 














heved to he the first revuial record 


of the weather on the North American 
continent; of the Honorable Paul Dud 
ley, (‘hief Justice of Massachusetts. who 
kept a meteorological record at Boston 


in 1729-30; of Dr. John Lining, who b 


t records at Charleston, 


1730 and 





Fan ermometer 
South Carolina, in maintained 


SeTI1eES Ol obsc rvations 


a more extended 
from 1758 to 1750: ot 
Winthrop, Harvard College 


1742 to 1778 kept regulal weather ree 
] 


st Protessor John 


. who trom 


Ol 


ords at Cambridge. It is not irrelevant 
to mention that Thomas Jefferson at 
Monticello and James Madison at Wi 


hamsbureh, Virginia, mad st ries Ol 


during 


obs rvations 


ceontemporaneous 
the pe riod 1772 Ti. which ‘sl owed that 
Ne Two 


the eclimatie peculiarities of the 


pla 
It 


ces harmonize completely 


f +) 


responsib LIt\ Ol meteor 


is the 
to take tl 
observations upon which, eventually, the 
is built. Every 


routine 


ologist ie regular daily 


structure of climatology 


day, vear in and vear out, all over the 
sea, thousands of 


world, on land and at 
observers 


meteorological are patiently 
reading their instruments and recording 
their data for the future of their 
fellow-men. As another | well ex 


pressed i. ‘*the 


Wise 
as 
meteorologist’s business 


is to make the bricks as perfect as he 


may, whatever the use to which the) 
may be put. The climatologist, the biol 
ogist, the geographer, are the builders 


who must have sense and knowledge to 


them 


use 


CLIMATOLOGY A SCIENCE OF THE FUTURI 


So far as extreme accuracy of its data 
is concerned, climatology is inevitably to 
of the 
future, for the longer the series of ob- 
servations, the the 


Climatie tabulations necessarily 


a considerable extent a science 


more accurate are 
results. 
quickly go out of date. Each year, each 
month, indeed each day, produces addi- 
tional observations and thereby brings 


the averages closer and closer to the de- 
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M 


sired degree of a 
fore, with a rela 
that we are here ¢ 
will grow as add 

concerning the at 
in all parts of th 
as observers in tl 
backward districts 
It is a rather d 
which one of my 
wrote a few mo 
never accurately | 
of the annual mea 
ical elements over 
sense this is, of « 
degree of our dist 


ONTHLY 





ecurac\ It 
ti, . 
Vey { l uv 
] } 
iealing ( ] 
onal da 
mospher 
iii¢ }? it’] i 
world ind 
} 
‘ hiniv-s 
ne! si 
sf ravine 
Enelish 
ths ago \\ 
LOW Tie ails 
ns orf the met 
t} worl 
{ rst ? 
? lM nT 


situation will depend entirely 


interp 


retation of the 


In the statement 
quoted Absolute 
racy we Cal hot 
any period ot 


interest 


to-day 
to ma 
world 


media 
ha 


Wwe 


object 


Curacy 


to those « 
But acem 
ke our pres 
s climates « 


te practical 


ve already 
ot 


the 


attainin 
] " 


reali ll 


Vi {i 
| q*] 
: | i 

Y 
‘ 
7 S who 
“ac! s iffier 
nt knowl 
Tt lmmense 


Importance 


attained 
ever-Inel 


Ispilratlol 


Is 


tive of all our pursuit of kne 
In the fact that climatolo 
voung a branch of science 
believe, find the explanatio 
scanty genera literature Its 
have been so busy collecting 
marizing observations tha 
been little time left over for 
sion of general principles an 
SUMMARIZING CLIMATOLO&« 


Clin 


averdge 


(OBSERVATIONS 


nate eoneer 


ye conditions 


ns 


But 


nied 


first Ol 


made up of very different val 


eleme} 


fore a satisfactory presenti 


that go 


ITS 


into them, 
if 


? 
! 


mate must include more than m: 


ages. 





It must ti 





ike 





account 
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and irregular daily, monthly 
nual changes, and of the depa 
from the aver 


at the 


mean and extreme, 
which 


nditions may occur 


lace in the course of time kur 


determination of the frequeney 
irrence and of the probability ot 


ence ot a viven condition or ol 


n values of that condition is often 


CCOLOMLIC 


ry creat 
s should be built to resist the high 


Importance 


ods; Water-pipes should be buried 
trom 


cold; 


strong enough to wit! 


nough to be safe freezing 1n 


as of greatest buildings and 
ves should be 
hiahe sf 


sewers 


velocities: 
should be 
eare of more than 
s. Again, the 
Oot certain 


( the wind 


vut 


and planned TO 


‘‘average’’ dow) 


rrequeneyv ol 


ocr 


conditions. as, é @ 


brs 


ature changes of 25° or more 


temperatures over 100°. or below say, 


mav be a very important Item ol 


ormation in certain ¢limates Simi 


rly, especially for the farmer, the prob 


ty ot oceurrence ot killing frost dur 


a eritical time in the growth of cer 


crops, or of rain during harvest 


is a Significant part of practical 


state 1t In 
detailed 


atic information Or, to 


general terms, the more 


available information about a 


the greater is the value to man 


first stage In climatological re 


ch is to bring together, correct, stan 
tabulate all the 


e and available 


teorological observations This re 


res patience, accuracy and enduring 
siasm for a very fatiguing and 
*‘Pure’’ 


rns itself with the preparation of 


tonous task. climatology 


merical data. The second stage 

ne that is naturally more interest 
nd more inspiring—coneerns itselt 
e applications of these numerical 
to the life and activities of man 
s the 


ory 


real aim and purpose ot 


**pure’’ climatology is then 


ded by ‘‘applied’’ climatology 


deserts 

up) and 
regular 
presence © 
and rivers, as 
soll and othe 
map or nat 
patch-work 
sequence ol 
Furthermor 
greatly changed 
cutting dow) 
and irrigating 
these modificat 
broad clima 
easily be 

may be 
tvpical 

closely 

sion nto 
temperate zones 
Ie ror the avel 
SO striking and se 


that the 
perature 


has bee 


certainly amone c¢limatolog 


most logical ho i! dar\ be Wwe 


perate and the tropical 


Zones 


as we progress pol ward from the 


Aretie or 


perate zones toward thi 
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s found that the temperature condition over man’s use of 
for the warmest month of the surface, I have selected the m« 
tical one. <A line connect rainfall line of twenty inches i 
emperature country [ know of no mor 
a somewhat example anywhere in the worl 
bending poleward or economie and _ historieal 
rding to the conditions one specific 
ide, but in tT man 
polar The Uni 
he divided 
separated by 
veneral wa 
This merid 
Passes about © 
and Sout! Dak 
and then ce 
and where 
too low Mean 
ifalls ranging between 100 
even more, and about 20 


nehes Hi seen To occur where rorests 


vrow, the 2 eed ot moisture being vreater yrroduces crops 


where the temperatures are higher and farming method 


the evaporation is consequently in twenty-inch rainfall line ther 


creased Grasslands are found with vion where agriculture of 


annual rainfalls of about twenty characteristic of the rainier 

en inches, while semi-deserts or whole no longer found (exe: 
deserts are associated with rainfalls of northern Pacific coast and 
ten inches or less a vear. The forego California and of the northe 
ing are very broad generalizations Mountain district); where 
Forests are broken by grasslands; grass and, 1s the .measure of su 
lands are interspersed with forests where climatic limitations, dry farm 
the rainfall is more abundant and soil ing and irrigation are man’s tl 
and other factors are favorable; plateaus ods of making use of the li 
and mountains in deserts, rising as is- farming where the rain 
lands of heavier rainfall, earry trees and dant; stock-raising where the 
become the sources of streams that flow enough moisture even for dry 
down into the desert, providing water irrigation over the limited ar 
for local irrigation and for tree-growth water is available. ‘‘Dead |! 


yiven to this eritica 


welcome oases for desert travelers. the name 
The life of primitive man is very largely n the early days. ‘‘ East o! 
controlled by the type of vegetation by cess,’’ as the saying went, 
which he finds himself surrounded ailure. Look out for the ‘Dea 
From it he secures much or all of Onee the home of immenss 
his tood; it provides him with raw bison which pastured on th 
materials; it largely determines his occu grasses; then browsed over 
pations; it supplies his clothing. of cattle; afterwards, in the 

As my next illustration of an intimate ‘‘boom’’ of the later ei 
and critical control of a specific climatic more recently, the scene o 
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attempts to use them for 
large-scale agricultural operations of 
the eastern type, the natural limitations 
of the Great Plains have come to be 
fully recognized. They were never 
fitted to be a region of vast farms for 
raising crops by methods that take no 
account of the special climatic and soil 
limitations. They could not continue to 
support vast herds of cattle which ex- 
hausted the natural pasturage and per- 
ished in great numbers during dry sea- 
sons and in the severe winter cold and 
storms. They are available, here for dry 
farming; there for local irrigation from 
streams or wells, with small individual 
farms and eattle ranches; elsewhere, 
again, for grazing. 

It gradually became clear that in 
many sections immense herds of cattle, 
roaming more or less at will and suffer- 


disastrous 


ing heavy losses, were becoming less 
profitable than smaller herds, kept and 
bred under more careful supervision and 
provided with some forage in addition 
to that supplied only by the natural 
range. Local irrigation led to the de- 
velopment of small farms, with inten- 
sive cultivation of many general farm 
The great cattle ranches of 
wealthy owners or of corporations have 
become less numerous, and the smaller 
holdings of individual farmers who 
combine stock-raising with the raising 
of varied crops and of feed for the 
cattle have increased. The whole his- 
tory of this great region is one of an 
increasing adjustment on the part of 
man to his climatic environment and a 
recognition of the climatic handicaps. 

I have referred to dry farming and to 
irrigation as characteristic and inevi- 
table aspects of our dealing with much 
of that vast area west of what used to be 
called the ‘‘Dead line.’’ Dry farming 
is farming without irrigation where the 
rainfall is too small for agriculture un- 
| less this rainfall is cared for and con- 
| Served in a special and peculiar way. 


crops. 
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The problem is essentially climatic. Dry 


farming is of such a comparativel 


cent date in this country that there are a 


y re 


good many questions regarding it which 


time alone can answer. One thing is 


certain. There is ¢ pretty definite limit 
to the amount of land that ean be irri- 
gated. Water is not available for 
more. As to the lowest 
rainfall limits for profitable dry farming 
in the western United States, I can not 


any 


mean annual 


give an exact figure. Perhaps from ten 
to twelve 
mate, but there are exceptions to this 
rule. Where the mean annual 
is over fifteen inches, dry farming is 


inches would be a fair esti- 


rainfall 
generally practiced only where the dis- 


tribution of the through the 
year is unfavorable or where evapora- 


rainfall 


tion is large. 
servative opinion of another, dry farm- 
ing in many sections of the United 
States ‘‘has tried through a 
long enough period to make sure that it 


To quote a fair and con- 


not been 
is more than a precarious occupation, 
sometimes profitable, occasionally disas- 
trous; it is invited more by the low 
price of arid lands than by the cer- 
tainty of crops; it best prac- 
ticed by those who have enough hope 


can be 


or capital to survive one or two years 
of failure with two or three of success.’’ 
W here 


you can not irrigate, practice dry farm- 


‘‘Tf you can irrigate, irrigate 


is good advice west of the ** Dead 


” 


ing,’ 
line. 
Irrigation is an expression of man’s 
dissatisfaction with the amount or 
distribution of rainfall. It is initially 
and fundamentally a climatie problem 
Where irrigation 
range of crops can be raised, determined 


, 
the 


is practiced, a wide 
by local conditions of climate, soil, to- 
pography and demand. 

means high price of land, 
small holdings and a 
local cooperation. Being an expensive 
type of agriculture, it is to a large ex- 
tent dependent upon economic controls. 


Irrigation 
latively 


re 
high degree of 
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Conditions in the west have gradually 
settled down to a reasonable adjustment 
on the part of man to the available water 
supply. It is now clearly recognized 
that the water availabie for irrigation is 
very limited, for it is obvious that all the 
must have 
snow, and 


water used in irrigation 

fallen somewhere as rain or 
precipitation over most of the far west 
is small at best. Most of the ‘‘Great 
American Desert,’’ as it to be 
called, must forever remain non-agricul- 
tural. But careful study of all possible 
sources of water supply will result in 
further extension of irrigation enter- 
prises over limited districts that are to- 
day producing nothing but sage-brush 
and other natural types of arid-land 
It has been estimated by 


used 


vegetation. 


competent authorities that if all avail- 
able sources of water supply were fully 
utilized the potentially irrigable land in 
the west would amount to about double 
the present area of irrigated land. It 


is to be noted, however, that the cost of 
construction of irrigation works in- 
creases as less and less favorable projects 
are developed. 
the ditch and ready for farming may 
exceed the demand at the prices quoted. 

To a superficial observer of our west- 
ern ‘‘deserts’’ it seems as if irrigation 
must completely and successfully solve 
man’s agricultural problems there. But 
here, as everywhere, the apparent solu- 
tion of one problem gives rise to other 
new and unexpected problems. No- 
where is there a lack of struggle. When 
the ground-water level rises as the re- 
sult of irrigation it causes a deposit of 
alkaline salts on the surface. Thus the 
irrigated desert has in places become an 
alkaline desert. The irrigation canals 
are bordered by weeds. From these, 
seeds drop into the water and are dis- 
tributed over the fields and through the 
orchards, giving rise to another new 
problem. Thus the eternal struggle of 
man against nature goes on in varying 
phases. 


sé 


The cost of land under 
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Striking illustrations of practi 
studies of climatology in the servic 
man are found in the extension oi 
areas devoted to rubber and to e 
Brazil for many years dominated 
world’s rubber markets. In th 
damp Amazonian Hevea 
siliensis, the Para rubber of comme: 
found its natural home in a 
tropical climate and in rich deep 
From forests, exploit: 
what in reality amounted to slave | 
came most of the rubber used in 
United States and Europe. As far |} 
as the later seventies, with a keen 
of commercial rivalry, England imp 


torests, 
cong 


those vast 


some seeds of the best Brazilian ru 
trees to Kew Gardens, where they 
carefully planted and developed. 
study was then made of the climates 
the 
order to find conditions of temperatu 
rainfall and soil most suitable to th 
tablishment and extension of rul 
plantations. Experimental plant 
were undertaken. The intensive stud 
of the authorities of Kew Gard 
beautiful example of an investigati 
economic climatology—met with suce 
Brazilian rubber trees were introd 
into Ceylon and the Malay Pe 
and Archipelago. ‘“‘Tame’’ rub 
gradually replaced the ‘‘wild’’ Bra 
rubber. Brazil lost her control o! 
world’s rubber markets. The rul 
plantations of the Far East, Britis! 
Dutch, now contribute nearly all o! 
rubber of commerce. 

ing that Great Britain developed 
‘*Stevenson Plan,’’ 
has been heard, to enforce the restrict 


sritish Far Eastern possessions, i 


about which so mu 


It is not surpris 


of the rubber output in British posses 


sions. 
rise to difficulties common in 
attempts to regulate the laws of sup} 
and demand, and the announcement 
the abandonment of the scheme has ! 
been a surprise. With the changi 


artifi 


This plan seems to have giv 


conditions in the Far East, the recen' 


purchases of vast tracts favorable 


diseu: 


Assi eC 


} 


De 





hin 
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rubber cultivation in western equatorial 
Africa by the Firestone interests, and in 


Brazil by Mr. Henry Ford, it is clear 


that the rubber market is likely to un- 
dergo uncertainties and fluctuations in 
the near future. Further, several in- 
tensive climatic studies are being carried 
on in our own country with reference to 


the planting of selected varieties of trees 


r plants capable of supplying rubber, 
yr at least substitutes for rubber, for use 
in certain branches of industry. In the 
Philippines, also, the development of 
rubber plantations is receiving increas- 
ng attention. There are doubtless con- 
siderable tracts in those islands suitable 
for rubber cultivation, provided labor 
and other difficulties can satisfactorily 
be overcome. It would seem, however, 
as a general proposition, that in the long 
run it will probably not be wise to un- 
dertake rubber production in the lati- 
tudes subject to typhoons, whose high 
winds are often very destructive to trees. 
I suggest, therefore, that the latitudes 
nearer the equator than about 10° N. are 
likely to be safer than higher latitudes 
within the so-called typhoon belt. 
Another ease of the application of 
climatological study to the extension of 
the area now occupied by an important 
commercial plant is that of cotton. 
Here again scientific and commercial 
sense have combined in an interesting 
way. The question for Europe has for 
years been: ‘‘How can we become inde- 
pendent of the United States in the 
matter of cotton, and also increase the 
area devoted to cotton-raising in order 
to supply the world’s growing de- 
mand?’’ The American Civil War 
really started this movement, but the 
toundation of the British Cotton-Grow- 
ing Association in 1902, and of similar 
organizations in France and in Ger- 
many, has opened a new chapter in this 
discussion. The British Cotton-Growing 
| Association has been the motive power 
) behind intensive studies of the possibili- 


wing 


eceni 
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ties of cotton-growing in countries under 
the British flag, and has carried through 
some excellent pioneer work in economic 
climatology, especially in Africa. Dis 
tinct success, or at any rate a fair degree 
of suecess, has been attained in parts of 
Africa, in Uganda 
Africa. Thi 

interfered with 
and 


labor, transportation and general finane- 


the Sudan, in western 
and Nyasaland, in South 
World War seriously 
these undertakings, problems ol 
ing have been serious handicaps to large 
developments. The British 
Growing Association has also promoted 
cotton cultivation in 
creased the acreage in the West 
Other European 
taken part in this general movement. 
South America offers a field for the 
extension of cotton-growing. From tli 
necessarily very superficial study which 


(Cotton- 


India, and has in- 
Indies 


countries have also 


I was able to make in certain 
South America some years ago, I believe 
that the rather limited irrigated districts 
of Peru, now, and for many years back, 
devoted to cotton, can be considerably 
extended; and that Brazil, which had a 
distinct ‘‘boom’’ in cotton during our 
Civil War, can not only come back to its 
then acreage but even greatly increase 
it. The northern portion of the Bra- 
zilian plateau, south of the Amazon for- 
ests, seems to offer conditions of climate 
and soil which are favorable. There are 
no, or but very rare, frosts; no 
storms; abundant sunshine, and enough 
‘ainfall in normal years. Some 
ago the Argentine Ministry of Agricul- 
ture had a study made of the northern 
Argentine provinces, and reported that 
most of the lowlands in that section of 
the country, and the valleys not above 
1,000 meters in elevation, are suitable 
for cotton cultivation both as 
climate and soil. Probably, also, neigh- 
boring portions of Paraguay and the 
astern Bolivian valleys may eventually 
prove suitable for cotton. But little of 
the Guianas is adapted for cotton-rais- 


parts oO! 


severe 


years 


regards 
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ing, and while the Valencia district of 
Venezuela produces a little cotton now, 
there seems little likelihood that there 
will be any great extension of the 
acreage devoted to cotton-planting in 
that country. 

I would not be misunderstood in my 
prediction as to the future for cotton in 
South America. There are many very 
serious difficulties in the way of any 
rapid development of this undertaking, 
such as problems of an adequate labor 
supply, of transportation, of financial 
organization, and the like. Cotton- 
growing is very much more than a ques- 
tion of climate alone. There can not 
possibly be any rapid development, but 
it may not be too optimistic a view to 
expect in the future a considerable in- 
crease in cotton acreage in the districts 
I have mentioned. The day may not be 
so very far distant when South America 
may take a more important position in 
the world’s cotton markets than it does 
to-day. Certain portions of Australia, 
also, where there is sufficient water, 
either supplied by the natural rainfall 
or obtained through irrigation, seem well 
suited to cotton-cultivation, which may 
in the future be considerably developed 
there. 

Let us turn now to a wholly different 
aspect of the use of climatic data in the 
service of man. One of the most 
striking developments in the insurance 
business in the United States in the last 
few years is the very rapid increase in 
weather insurance of all kinds. We are 
all perfectly familiar with insurance 
against fire resulting from lightning, 
and perhaps also with that against dam- 
age by high winds. But less familiar, 
because less common, is insurance 
against damage by hail, by frost, by 
drought, by floods, by tornadoes. In 
Europe this whole business of insurance 
against weather risks is fully stabilized. 
It has for years been customary in En- 
gland, for example, to take out insurance 


against loss of gate receipts on ac 
of rain at cricket games and out 
pageants. In this country this c!| 
insurance is rapidly becoming po) 
We insure motion picture com; 
against lack of snow if the pictur 
be made as a snow scene; the propri 
of summer hotels and amusement 1 
can insure against rainy week- 
building contractors against loss o 
resulting from unfavorable weath 
few years ago the Harvard Class D 
Committee, for the first time, t 
rain insurance for Class Day. Ar 
very interesting recent developmer 
insurance of eclipse expeditions ag: 
cloudiness during the eclipse. 
so on. 

It is clear that insurance is 
sary and legitimate business, 
should be conducted on such lines 
compensate the insured against 
return for a reasonable premium 
should at the same time result i 
profits for the companies concer! 
One of the difficulties in connection | 
some of the new forms of weather 
surance is that the companies often |! 
an insufficient knowledge of the cli 
logical conditions and of the actual ris 
involved. Hence, premiums may 
reasonably high. The business is 1 
stabilized. A good illustration of 
situation, now rapidly being ren 
is the case of tornado insurance i! 
United States. Much tornado insur 
used to be handled by farmers’ n 
insurance companies, which distr 
their risks without proper regard | 
habits and characteristics of tom 
These violent whirling storms—tlh: 
intense atmospheric phenomena 
which man has to contend—pract 
always travel in an easterly or ! 
easterly direction. Their path ot 
struction is very narrow—usuall} 
a quarter of a mile wide. Now 
obvious that tornado risks should 1 
distributed in an easterly or northeast: 
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erly direction, for a tornado may wreck 
everything along that line. The risks 
should rather be distributed in a north- 
west-southeast direction. Then, if a tor- 
nado occurs, the damage done will be on 
narrow path across, and not along the 
ne of the insured buildings: a single 
mpany is extremely unlikely to suffer 
, very heavy loss, and the distribution 
the risks is in accordance with the 
nown faets of tornado occurrence. 
In this whole matter climatology has 
much to offer in the man. 
What the insurance companies and those 


service of 


o insure need to know are the detailed 

ets concerning the distribution of the 
weather phenomena and the climatic 

mditions which are unfavorable. Thus, 
‘we wish to insure gate receipts against 
loss because of a rainy day, we should 
know the probability of rain at the place 
and time in question. We should know 
at what hours the rain is most likely to 
‘ome, and whether it will probably be 
heavy or light. Frost insurance, scien- 
tifically managed, requires information 
concerning the probable dates of first 
and last frost; the possible departures 
from those dates; the frequency of kill- 
ing frost in the frost months, and so on. 
Tornado insurance should rest upon a 
full understanding of all that is now 
known concerning the distribution of 
tornadoes in place and in time, the loca- 
tion of the so-called ‘‘tornado belt,’’ the 
districts either wholly free from those 
violent storms or only at very long inter- 
vals subject to them. 

These few examples will indicate what 
isin my mind. Climatology is ready, 
and anxious, to put at the service of 
insurance companies all that is known 
concerning weather and climate. From 
climatic tables already available any one 
who is interested can inform himself as 
to the average conditions of rain, snow, 
frost, thunderstorms, tornadoes. gales, 
and so on, which may be expected in 
normal years. This information is in 


165 
no sense a long-range weather forecast, 


But 


weather 


as I have previously pointed out 
it does give a fair idea of the 
insurance risk under al conditions, 
and is a sufficient basis * writing such 
insurance in a that shall be fair 
both to insurer and insured. 

Climatology, then, is ready 


and 


way 


1O @ive i 


vossible information assistance 


| 
the insurance companies in this n 
On the other hand, also, weather 
stimulating climatological 


Thus, in the single item of 


ance is 
search. 
hourly distribution of rainfall alon 
bit of information of very great signifi 
cance in rain insurance, the demand 
the insurance companies for this inf 
din the undertaki 
this particular 
Our gen 


mation has resulté 
of numerous studies of 
aspect of rain and snowfall 
knowledge has al- 
and 


eral 
ready 
made more complete by 


climatological 
1; 


improved 
this new 


been distinetly 


le 
de- 


And 


begin- 


velopment of weather insurance 
this mutual cooperation is but 
ning. I look forward to a distinct ad- 
vance along these lines, for the common 
advantage of the science of climatology 
on the one hand and of the business of 
insurance against weather risks on the 
other. 

So many engineering problems con- 
cern outdoor construction and operation 
that weather and climate are necessarily 
Buildings must be con- 
the maximum 
ever 


critical factors. 
withstand 
that 


rivers 


structed to 


wind pressure can oceur. 


Bridges across must be firmly 
anchored on piers that can not be car- 
ried away the 
If built what 


canyons in the 


ereatest floods. 


during 
usually 


across are 


mountains f 
regions, it must be remembere: 
sudden 
istic of such localities, bringing 
pours which may fill these narrow val- 
leys to a depth of many feet of water 
In rail- 


‘cloud-bursts’’ are charae 


dow n- 


in a very short space of time. 


road construction through mountains 
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where heavy snowfalls and avalanches 
are known to occur, special provision 
has to be made on this account. The 
famous ‘‘ Forty Miles of Snowsheds’’ on 
the Southern Pacific Railroad where it 
Sierra Nevada Mountains 
Sacramento and 


crosses the 
between 
striking illustration of the way in which 
railroad engineers have to meet climatic 
handicaps. These sheds must be able to 
support the maximum weight of snow 
that may fall upon them. Further, the 
danger from fire is so great that watch- 
men have to be kept constantly on guard, 
especially in the dry season of summer, 
and trains equipped for fire-fighting are 
in readiness for immediate use. All this 
adds greatly to the operating expense 
of a railroad. On one of our eastern 
railroads, a few winters ago, snow re- 
moval after one heavy snowstorm cost 
$25,000 for each inch of snow that fell. 
This sum included the actual work of 
snow removal, and also the extra motive 


Reno are a 


power, the cost of demurrage on freight 


ears and other similar expenses. 
sefore undertaking any irrigation 
enterprises, as in our own arid or semi- 
arid west, it is essential to have a very 
accurate knowledge of the amount of 
the available water supply. To secure 
this information, rain-gauges must be 
installed on the watersheds, and, as in 
many parts of the west, surveys must be 
made of the amount and character of 
the snowfall, whose melting supplies 
most of the water used during the spring 
and summer months. It is sheer folly 
to spend money in constructing dams 
and reservoirs if the available water 
supply is to prove inadequate, or if the 
amount of water is ever to be so great 
that dams will burst under the pres- 
sure. For most of the important snow- 
fields in our western mountains there 
is already available sufficient informa- 
tion on this point to serve our present 
needs, but as the demand for more irri- 
gation becomes increasingly insistent in 


the years to come further data mus 
secured. The heavy snows of the Si 
Nevada Mountains in California 
well been called ‘‘the life-blood ot 
state,’’ and those who have visited | 
fornia have enjoyed what the m 
Sierra snows provide. 

No modern city 
planned without a very thorough stu 
extending over many years, of th 
fall over the area where the rese1 
are located, and no one watches 
earefully the amount of precipit 
from day to day, and from stor 
storm, than he who has charge 
great city’s water-works. 

A very recent illustration of tl 
portance of a thorough study of 


water sup] 


weather and climate is seen in the 
liminary stages of the establishm: 
air-ports. After the World Wa: 
story leaked out that during the w: 
army air-port was established, n 
sarily very hastily, somewhere 
British Isles. No adequate prelimi: 
study of local weather was made; 
sands of pounds were 
preparation and equipment of th 
port; but the location proved whol!) 
suited to its intended use because « 
erratic and dangerous character « 
winds. This matter is now mai 
very differently. I happened to | 
San Francisco last June, and whil 

I made inquiries concerning th 
municipal air-port. The city for a} 
employed two expert 
loaned by the Government Ws 
Bureau, who made a very thorough s 
vey of the atmospheric conditions 1 
locality where it had been planned 
establish the air-port. This surve) 
eluded the upper-air conditions, as 
termined by means of free balloons 
well as the surface conditions. 
work has been completed, and the re] 
has been written. Thus, in conn 
with the rapid development of flying 
all its aspects, climatology is alre: 


spent 


meteorologists 


I 
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making important contributions, and 
will increasingly prove its helpfulness in 
making aviation safer. 

An architect came to me a few years 
ago and asked me to tell him exactly 
what he should plan for in building 
roofs so that they would support the 


greatest weight of snow that might ever 


rest upon them. The question was a 
reasonable one, but the answer was not 
quite so easy to give in the precise fig- 
ures that were desired. Our ordinary 
numerical data on snowfall include the 
mean annual and mean monthly depth 
of snow, the number of inches on the 
ground at the middle and end of each 
month, and so on. But they do not 
give the maximum depth on the ground 
at any one time during the period of ob- 
servation. Even if they did, as the 
weight of snow depends on its density, 
and the density is not tabulated, the ex 
act weight, as a water-equivalent, is 
unknown. A fair approximation may, 
however, be reached in this matter by 
taking the greatest depth of snow on the 
ground at the middle or end of any 
month noted during the period of ob- 
servation, assuming that that snow was 
at its greatest possible density and then 
calculating its weight per square foot. 
Nevertheless this is not altogether a 
satisfactory method, and engineers and 
architects would be benefited if our 
snowfall records were more complete. I 
believe that many city building ordi- 
nanees regarding the weight which a 
flat and a sloping roof must be able to 
support might well be revised. 

The student of geology and of physi- 
ography finds himself at every turn con- 
fronted with climatic problems, and can 
make little progress unless he is familiar 
with the larger characteristics of eli- 
mates and with the controls of those 
climates. If he investigates that most 
interesting chapter of our earth’s his- 
tory which has to do with the climates 
of the geological past, he can not evolve 


any sound hypotheses to account 

glacial epochs and interglacial epochs 
without understanding how our present 
climates are produced. A climatologist 
who attempts to read the vast literature 
dealing with paleo- 
climatology this branch of our science 
has come to be named—will inevitably 
be struck by the fact that many 
explanations of climates 
never have been attempted had their 
familiar with the prin- 
ciples of climatology. Extraordinarily 
difficult and complex these problems of 
We are 
still very far from any satisfactory solu 
tion of them. 
geologists, they 
were fifty 3 all the 
time making progress, and while the goal 
is still far distant, we look forward to its 
being reached. As 
may as well frankly confess that we have 


fossil climates 


fantastic 
would 


past 


authors been 


paleo-climatology surely are. 
Climatologists, as well as 
baffled 


ears ago. 


are to-day as 


But we ar 


climatologists we 


no satisfactory explanation to offer of 


geologrv 


the very puzzling facts which 
has beyond question established in re- 


gard to the ice and interglacial 
periods. 

The weathering of 
diately controlled, to a large extent, by 
In high latitudes, 


for 


ages 


rocks is imme- 
climatie conditions. 
where the ground 
part or all of the winter, chemical de- 
composition must largely cease. Here 
mechani- 


is snow-covered 


the actions of frost and of ice 
eal rather than chemical processes—are 
highly important agents in promoting 
rock disintegration. On the other hand, 
in the rainy portions of the tropics, 
where, near sea-level, frost and snow and 
ice are unknown, chemical decomposi- 
tion, resulting from frequent and 
warm rains, becomes of paramount im- 
portance. Deep decomposition of the 
rocks is inevitable, and tropical soils 
therefore have certain typical and well- 
known characteristics. In deserts, es- 
pecially deserts at considerable eleva- 
tion the rocks are 


heavy 


above sea-level, 
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subjected to excessive heating by day 
and cooling at night. The resulting ex- 
pansion and contraction crack the rock 
surfaces; they split, and thus even in 
excessively arid regions rock disintegra- 
tion goes on. Blowing sand wears down 
these rocks and rock fragments, and 
gradually, as they become smaller and 
smaller, they themselves become a part 
of the sands which surround them. 
Any one who has had the wonderful 
experience of spending the night under 
the stars in a high desert among boulders 
or cliffs has heard the sharp reports 
like pistol shots which accompany this 
process of rock disintegration. 

To my thinking, the most logical 
classification of rivers from the point of 
view of their human relations is one that 
is based upon climate, and yet, so far 
as I know, no such classification is in 
use. There are rivers with a uniform 
water supply throughout the year, fed 
by well-distributed rainfall or by rain- 
fall at one season and melting snows at 
the other. Most rivers have periods of 
high water and of low water, depending 
on the seasonal supply. In low-water 
times they may completely dry up, as is 
the case, for example, with many of the 
rivers in California in summer, while 
during the rainy season or the season of 
melting snows, deep water or floods will 
be the rule. Thus many rivers are 
navigable during part of the year only, 
and commerce is interrupted during the 
remaining months. Many rivers flowing 
into latitudes of severe winters are com- 
pletely frozen for months each year. 
Transportation by water then ceases, 
and travel is often best accomplished by 
using the frozen surface as a highway. 
From the mountains surrounding deserts 
streams flow down onto the arid lower 
lands and wither away there, in sinks or 
playas or salt lakes. It is only when the 
water supply is very abundant, as in 
the case of the Nile, for example, or of 
the Tigris and Euphrates, that a river 


ean flow for a long way through an 
region and persist until it reaches 
sea. To what extent man can mal 
of rivers for purposes of travel 
transportation, and how far floods 
lay waste his cultivated fields or 
away his houses and his bridges, 
after all, upon the amount of 

the channels. 

Erosion by running water 
pended wherever temperatures | 
freezing last sufficiently long 
streams into ice. 

If the rivers on the windward s 
a mountain range are well supplied 


water while those on the opposit 


are in what is known as the 

shadow,’’ and are shallow and 

the former, other things being equal 
have the best opportunity for work 
will extend their headwaters back s 
the water-parting is no longer 01 
erest of the mountain range but 
even be pushed out onto the low! 
on the lee side. Thus, rainfall 

originally found its way to the s 


y 


the lee side may eventually be taker 


it were across the range to the wind) 


side. This process inevitably shifts 


divide in places from the crests of 
mountains onto the leeward low] 
Such a situation has arisen along 
southern boundary between Chile 
Argentina. Chilean rivers have act 
robbed Patagonian rivers of their |} 
waters, and have in certain inst 
shifted the water-parting onto the | 
gonian plains. In other words, 

Chilean rivers start in Patagonia, 
what were formerly Patagonian 

along the eastern base of the Cord 
now drain into the Pacific Ocean 

fact that Argentina rather natu 


regarded the crests of the Cordillera 


the boundary, while Chile equally 1 


rally considered the water-parti 


even when on the Patagonian side, 
boundary, really had much to do 


A 


I> 


r 


the famous boundary dispute betv 
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Chile and Argentina a number of years 
avo. The difficulty was fortunately ad- 

by arbitration. The famous 
statue, the Christ of the Andes, 
erected to commemorate the peaceful 
ending of what threatened to be a dis- 
agreement settled by war. This is a 
striking illustration of the part played 
acting through normal 


justed 
was 


by rainfall, 
physiographie processes, in connection 


with an international boundary. 

There are many other illustrations of 
geological processes in which climate is 
concerned. The nature and 
soils are largely climatically controlled. 


colors of 


The action of waves along shore in erod- 
ng cliffs, building sand-bars and beaches, 
and the like, varies with the height and 
the strength of the waves, and is there- 
fore to a considerable extent dependent 
on the presence or absence of storms, 
ither near by or at a distance. Storm 
waves are propagated to great distances 
from the locality in which the storm is 
active. Waves run so far ahead of the 
whirling hurricane winds that produce 
them that we may often see great rollers 
coming in on our beaches when the 
center of the disturbance is far away to 
the south or southeast. Physiographiec 
forms in large measure correspond to the 
climate of the region in which they are 
found, and a skilled physiographer may 
interpret the climate from the form or, 
knowing the form, can describe the 
climate. There are arid-land forms of 
talus slopes and alluvial fans and of 
mountains partly buried in their own 
waste. There are wet-climate deltas and 
terraces and valley forms. There are 
the moraines and eskers and other spe- 
cial features of regions once glaciated. 
A physiographer needs to know his 
climates if he would fully understand 
the features of the earth’s surface which 
it is his business to explain. Many 
| Valuable deposits of immense economic 
importance to man owe their preserva- 
tio to existing climatic conditions. 
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Thus, the famous nitrate beds of north- 
ern Chile would dissolve and disappear 
were that region to become rainy. It is 
one of the driest deserts in the 
world. From 
The last thing in 
people who live in 


now 
it has come vast wealth. 
the that the 
that desolate ni- 


world 


trate desert desire is rainfall. Simi- 


larly, the great guano deposits on the 
Peruvian islands are preserved, with all 
chemical 
because of the lack of 

the Humbold 


west coast of 


their valuable 
enrichment, 
Should 


the 


properties for 
soil 
rainfall. creat 
Current oif 
America 
should the southerly 
Chilean 
their direction, 


slacken or change its 


} 


winds along 
Peruvian coasts ¢! 
the nitrate 


would cease to exist. A very special and 


and 
and guano 
peculiar combination of climatic controls 
has preserved these two deposits which 
have been of such immense economic sig- 
nificance to Chile and Peru. 

My final illustrations of the 
played by climatology in human 


part 
affairs 
I shall take from military science As 
far back as we have any record of mili- 
tary campaigns and of battles, there is 
mention of the part played by weather 
and climate in warfare. Famous cases 
of this kind were the destruction of the 
Spanish Armada by a severe storm and 
the winter retreat of Napoleon’s army 
from Moscow. The evacuation of Boston 
by the British was hastened by a violent 
British 
and the de- 
barkation of the order to 
drive away the Revolutionary army from 
the fortification of Dorchester Heights. 
Our own Civil War furnished innumer- 


storm which drove some of the 


vessels ashore prevented 


soldiers in 


able instances of weather controls over 
the movements of troops and guns 
It remained for the World War, how- 
ever, to bring into startling prominence 
There 
Military 


the factor of weather in warfare 
ets of this subject. 


knowledge of 


are two as! 


commanders must have 


coming weather as many hours in ad- 
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vance as possible in order that they 
may know what conditions to expect 
in the immediate future. This in- 
formation is necessary in planning 
movements of troops, in organizing 
bombing expeditions, in regulating artil- 
lery firing. The World War was the 
first in which regular weather forecasters 
were attached to the headquarters staff, 
and in which scientific weather forecasts 
were made with the help of an organ- 
ized body of meteorological observers. 
Weather forecasting is, however, only 
one side of the picture, and it is not the 
one with which we are here directly con- 
cerned. The other side concerns a thor- 
ough knowledge of the general climatic 
conditions of the area where the fighting 
is to be done. 

Military commanders should know 
beforehand whether they will have to 
deal with heavy snows, with frequent 
heavy rains, with severe cold, with much 
low-lying cloud, with fog, with high 
winds, with dry spells, with dust, with 
mud, and so on. All this information 
is readily obtainable in the regular offi- 
cial climatological summaries and in the 
discussions that usually accompany these 
tabulated data. It is worse than folly 
for a military expedition to be taken into 
a dry region, for example, without mak- 
ing proper provision for a water supply, 
or into a country of severe winter cold 
without adequate warm clothing, or into 
an area of heavy snows without prepara- 
tion for transport under such conditions. 
In other words, the high military com- 
mand should have all possible advance 
information concerning conditions of 
temperature, rain or snowfall, winds, 
clouds, and the like. 

The great war furnished many ex- 
amples of a very complete ignorance on 
the part of those who should have known 
about these matters. Each war zone had 
its own special problems. In the western 
war zone—the only one in which our own 
troops were engaged—the outstanding 


climatic characteristics are the frequ 
rains at all seasons of the year, the ab 
dance of cloud, the low-lying night fi 
the absence of any extreme cold, 
occasional short spells of heat in sum: 
the irregular varying winds. The 
mate in that area is a modified contin 


tal climate, less severe than that in Ny 


England, more like that of the 1 
Pacific coast. Farther east, in Po 
and in eastern Prussia, the winters 
more severe; there is more snowfall; 1 
cold lasts longer. In fact, W: 
and Boston have a good deal in comn 
climatieally. Much of the fighting 
the Italian war zone was ecarri 
under conditions of extraordinary 
culty among the deep snows of 
mountains, where avalanches and 
cold and almost impossible condit 
of transport obtained. The men mat 
on skis or snowshoes, and used 
sheets to make themselves less visib 
the snow. 

In Mesopotamia the terrific heat 
the lack of water caused indescril 
suffering among the British tr 
Temperatures in the hospital tents 
reported as over 130°. Cases of s 
stroke and heat prostration wer: 
mon. The men were so thirsty t! 
spite of all orders to the contrary, 


drank the polluted water of the Tigris 


But one of the very worst exam} 
of lack of preparedness against clima 
handicaps came in the Gallipoli 
paign. The Gallipoli Peninsula is 
that portion of the Mediterranean 
matic zone where dry summers 


typical and imevitable. The Britis 


troops were landed, and ordered to fig 
with an absolutely inadequate supp]) 
water. No proper provision had | 
made to meet a condition as certal! 
be found there as night is certain to ! 
low day. After long delays, water ‘ 
brought from the ships and supplie 
the troops, but so inadequate was 

supply that the men cut holes throu 


Y 
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the hose which carried the water in order 
to relieve their unendurable thirst, and 
for a part of the time the daily ration 
was half a pint of water per man. No 
wonder that the general commanding the 
British forces, in his official report, said 
that much of the lack of success of his 
eampaign resulted from an insufficient 
water supply. Towards the autumn, 
when the winter cold set in and snow 
fell, the suffering among the Anzac 


ragiec and heartbrs 


all these cor 


troops Was again 
ing. Failure to anticipate 
ditions was, perhaps, excusable because 
of the need of haste in carrying thr 

the Gallipoli campaign, but neverth 

the climatologist sees in this di 
underta 


king 


unsuccessful 


and Ik 
sad and a very striking illustrat 


the need of preparedness on the 


logical side in the conduct of ar 


campaign. 





X-RAY APPLICATIONS IN EVERY-DAY LIFE 


By Professor GEORGE L., CLARK 


UNIVERSITY 


I 

THE applications of X-rays are becom- 
ing sO numerous and important in the 
daily life of every man that it seems of 
interest to take brief account of some of 
the achievements and possibilities of this 
great research agent. To folks 
X-rays are a mysterious invisible instru- 


most 


ment with which the physician is enabled 
to see, on a photographic plate or a 
glowing screen, broken bones or an im- 
bedded bullet or a pin caught in a child’s 
throat, or with which the dentist may 
examine the roots of an ailing tooth. 
Some of us may have had our last pair 
of shoes scientifically fitted by seeing for 
ourselves the actual positions of the 
bones of the feet. The pioneer applica- 
tion of X-rays in medical diagnosis is 
still one of the greatest, but there are 
many new and equally interesting fields 
of usefulness. The roentgenologist, after 
locating an internal tumor cancer 
with X-rays, treats it with these rays as 
a therapeutic agent; the biologist and 
botanist face the great processes of 
natural evolution fearlessly and produce 
by direct irradiation of fruit-flies or 
tobacco plants an astonishing accelera- 
tion of a thousand per cent. in the mu- 
tation of species and thus profoundly 
affect the characteristics of future gen- 
erations; the physicist has been using 
X-rays as magic eyes with which to 
the interior architecture of 
atoms, and finds there marvelous in- 
finitesimal planetary systems ordered by 
the laws of a rational universe from the 
simplest hydrogen atom to the most 
complex uranium atom; the chemist is 
discovering new chemical elements by 
measuring the X-rays characteristically 


or 


explore 


OF ILLINOIS 


materials when bom} 
to the 


fine 


emitted by 


by electrons; chemist also 


ing revealed the structure 
unit building blocks of all matt 
now industry is finding X-rays 
measurable assistance in the solut 
of the 
producing commodities of certai 
satisfactory quality. For X-rays 
the knowledge of the ultimate cor 
tion of matter 
the most practical and useful pro} 
We may now ask, what are thes 
markably versatile X-rays? In 
identical with ordi: 


some most difficult probl 


which determines 


respect are they 
light except that the wave-lengths 
only 1/10,000 as great, on the 

as visible light. They are electr 
netic vibrations propagated as 
or as tiny bundles of radiant e1 
through space without transferen 
matter. X-rays, the cosmic rays w 
come from the far reaches of th 
verse and are able to penetrate 
teen feet of lead, the gamma rays 
radium, the ultra-violet, infra-r 
radio waves are all like light exe: 
wave-length. 

In all this great range of rays, 
those only 1/100,000,000 em long to t 
hundreds of meters long used in r 
broadcasting, the human eye is sensi! 
only to that extremely narrow b 
eall light. Because X-rays are 
than light it that tl 
more penetrating, that they s! 
through materials opaque to 
that they should be associated wv 


follows 


ou 


) 
l 
lie 
i 


finer subdivision of matter than is 
parent by examination in visible r 
tion. As a matter of fact, wi 
that X-ray wave-lengths are of the sal 
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rder of magnitude as the sizes of the 
ultimate all things. 
By means of X-rays as the messenger, 
therefore, the knowledge of the true unit 
building blocks of matter and their inter- 


atoms of materia] 


relationships is gained. 
While X-rays penetrate matter opaque 
ight, they are absorbed differentially 
because any inhomogeneity or defect in 
an object has a different density and ab- 
sorbing power than the main body of the 
Hence X-rays which pass 
rough such an object will have vary- 
ng intensity, and when they strike a 
otographic plate a shadowgraph of the 
specimen is registered which may also be 
visually observed on a fluorescent screen. 
Observation of bones through the 
dense tissues is of course the most famil- 


less 


iar example of this science of radiog- 
raphy. Think what medical and surgical 
diagnosis would be to-day without 
X-rays, not only for absclute informa- 
tion on bone fractures and diseases but 
also for tuberculosis, tumors, gallstones, 
blocking in the spinal column and almost 
all the long list of pathological condi- 
tions of the body! 

A great experience is accumulating to 
prove that even malignant internal can- 
cers, too often unsuspected until far ad- 
vaneed, may be successfully cured or at 
least greatly alleviated by X-ray and 
radium treatments if diagnosed in the 
early stages. Radiographs of the skull 
are so individualistic that they will soon 
supplement finger prints as a method of 
identification of persons. In the Univer- 
sity of Illinois recently a curious and 
obseure disease of carp in the Illinois 
River which curtails normal growth has 
been diagnosed as a type of rickets from 
X-ray photographs where dissection 
methods largely failed. In a great ex- 


and conseq ut ntly by 
regular X-ray 


health. 


rm) 
Che re are 


examiini 


whose ills may 
cessfully. One of 
is the examinat 
pre sence 
and slag inclu 
’ eracks and 
result is 
the Satety 
in high-pressure power 
and aireraft motors. Th 
laboratory devi 1 


located at the Wa 


Massachusetts. Some of 


+ ‘ 
Lel 


graphie applications in this ¢ 


the examination of 


and a 


of coal for slate 
classification ; of golf-balls 
of the center; of cord tires for 
of rubber; of reclaimed rubber 
shells and 


matter: of 


filling of 


and foreign 
nades for proper 
particularly 
le ; ”r ry | lac spank ‘ ] 
planes, ior wormnoles, cracks an 
} 


ies tor 


} 


explosi 
wood, when used 
of trees and telephone po 


soundness; of logs in veneer m 
turing plants for imbedded na 
to ruin 
hidden 


packages, some of which may | 


, 3 . 
blades: ol 


cutting 
pipes and wires; of 
undesirable gifts by anarchists; of 
eusto 


og 
1 capi 
] 


bottom baggage evadin 


cials; of metal pip 


internal diamet 


measurement ol 


clogged gasoline lines; of rad 


} 


proper position oft ele 


‘trodes : 
and pigments, and of Swiss chees¢ 


f the h 


the location and siz ghls 
holes. The Fogg Art Museum 
vard University and the Metr 
Museum in New York are X-raying 


1 


pictures and discovering retouching and 


uable mas 
terpieces entirely painted over. And 
} 


so, many other interesting shadowgraph 
enumerated. 


hibit of medical X-ray photographs such 
as that at the recent meeting of the 
Radiological Society, one is deeply 
moved by the enormous number of ills to 
| Which these bodies of ours are subject, 


sometimes infinitely more va 


applications might be 
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Whenever there is a need to examine 
the interior of any object, X-rays pro- 
vide in a sense a powerful extension to 
the limits of our vision. Now even the 
science of Egyptology lays a claim to 
this tool, for most of our knowledge of 
ancient anatomy is derived from radio- 
graphs of mummies! 


IT 

In beginning our survey of the appli- 
cations of X-rays in every-day life, we 
found that these rays are like ordinary 
light in every respect except that the 
wave-lengths are much shorter. On this 
account, X-rays will penetrate matter 
which is opaque to visible light and 
register shadowgraphs of bones, teeth, 
defective steel castings, welds, golf-balls 
and many other objects, the denser por- 
tions of the interior standing out in 
relief against the portions which do not 
absorb X-rays so readily. This consti- 
tutes the great X-ray science of diag- 
nosis, whether it be medical or the ex- 
amination of a vast number of inanimate 
objects for internal gross structure or 
defects. But in disclosure of gross 
structure X-rays have far from ex- 
hausted their possibilities. If we but 
use them properly, they will lead directly 
to a knowledge of the ultimate structure 
of matter, clear down to the atoms and 
molecules which constitute the very 
minute unit building blocks of the ma- 
terial universe. Practicaliy every prop- 
erty, useful and otherwise, of the things 
we know and use every day, depends 
fundamentally upon the size and shape 
and number and arrangement in space 
of these unit building blocks, which are 
far too small to be seen by a microscope. 
If these are known from our X-ray 
examination of materials, then it follows 
that we shall discover with absolute 
finality the primitive cause of a satis- 
factory or unsatisfactory behavior of an 
object which we can see and use. Sup- 
pose we take a strip of iron and slightly 














etch it with acid. The erystal o 
are now easily seen with the eye, « 
appearing perfectly homogeneous. | 
the microscope, however, a homogen: 
grain may show a_ heterogeneous 
structure. One of these microse 
units with X-rays indicates that 
turn is built up of ultimate crystal u 
What is this unbelievably smal] 
erystal of iron—this block which is 
bined with an enormous numb: 
others just like it to give the er 
grain which the human eye may 
We know it to be a tiny cube wit! 
atom of iron at each corner and 

the center; the cube measures less 
3/100,000,000 em on a side; it is the 
thing that is still solid crystalline 

its properties are those of the \ 
erystal grain of iron—it is the ult 
iron. Other metals, such as tungs' 
and chromium, have the same ty] 
ultimate cubic architecture, but 
units have different sizes than 
which characterizes iron. Still 
metals, such as the ductile alumi: 
silver and gold, have a different ty; 
erystal unit. The fact that this 
erystal is built in so orderly and per 
a fashion explains why X-rays yield su 
remarkably fundamental informat 
Most of us are acquainted with th 
that if we rule parallel lines very 
together on glass or metal, we ha 
grating which will diffract ord 
white light and like a prism spread t 
beam out into a rainbow or spect 
Now if X-rays are like light they s! 
be similarly diffracted by a grating 
it has never been possible to rule 1 
lines sufficiently close so that the X 
with their far shorter wave-lengths 
affected except under very special co! 
tions. Thus, from the date of disc 
of X-rays by Réntgen in 1895, till 19! 
there were no gratings known for t 


X-rays, although it was recognized | 


an average wave-length of X-rays wa 
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known 
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and that a grating 
7 spacings of the same 
rder of magnitude—that is, about the 
size calculated for the ultimate 
themselves. It was von Laue, a German, 
who finally reasoned that nature 
literally deluged us with perfect X-ray 


1/100,000,000 em, 


i 
ust have parallel 


atoms 
has 


namely, crystals of every con- 
kind. For in a erystal the 
toms or molecules are marshaled per- 
fectly row on row like West Point cadets 
xcept that the three- 
dimensional and has equidistant planes 
few hundred mil- 
whicl 


rratings 


ccivable 


erystal is 


atoms, spaced a 
centimeter apart, 
Von Laue ordered the 


passing a 


ionths of a 
liffract X-rays. 
xperiment performed of 
beam of X-rays through pinholes in lead 
ocks, and then through a erystal of 
ne sulfide with a photographic plate 
behind the erystal to register the result. 
he plate showed an arrey of sharp 
pots forming a figure of perfect sym- 
metry—an eloquent verification of the 
rediction that crystals are built up 
from their very beginnings in perfect 
der not only for those specimens with 
beautiful faces like a diamond, but also 
for materials which outwardly seem to 
manifest no such regularity. And now 
even liquids, which we have always 
classed as distinctly amorphous because 
molecules are free to move about, mani- 
fest remarkable attempts at organized 
structure, for they produce definite 
though simple X-ray diffraction pat- 
Thus do we arrive at a great 
branch of X-ray science whose achieve- 
ments have already formed one of the 
most brilliant pages in science, and yet 


terns. 


whose possibilities are well-nigh limit- 
less. For with some known crystal as a 
grating we can measure the whole un- 
known range of X-ray wave-lengths or, 
rice versa, with X-rays of known wave- 
Jength we can analyze the unknown 
ultimate structure and unit dimensions 
pf new crystals, and now even of 
powders, jellies and liquids. 


4 


4 


Before proceeding to the pract 
plication of this fundamental met! 
to the 


propert ies, ma 


research problems of 


nutacture al 


chemicals, metals, a LOYS, textiles inelh 
silk. 


ing rayon and rubber, ceramics, 


paints, lubricants, waxes, cen 
numerous other 
scription will be given of the 
laboratory in the chemistry « 
llinois 


1] 
University of |] 


of the 
devoted to these fine 
The 
are the X-ray tube, a 
thod p 


potential, m«é ods or ad 


primaril 
studies essential parts ot an 


apparatus soures 
of high 


the X-ray 


nn y 


' } 


beams through small pinholes 


| ng svstems for keep 
ii 4 hai i nm ; 


and slits, water-c 
ing the 
ope ration, vi 
the 
high 


ment. 


tubes cool during « 


L1rious protective 
experimenter against X 


voltages, and photographie equip- 


An X-ray 


type is an evacuated bulb 


tube ol the Coo idge 
in which there 
are two electrodes, a tiny spiral of tung 
which is 


sten incan 


desecence by an 


wire 


current, and a 


electric 
smooth-faced metal target 
The hot 
covered by Edison. 
30,000 to 80,000 
electrons 


OPppoOs ( 
electrons as 

When a voltage of 
ry! 1 +} 


volts IS applied, nest 


wire emits 


are driven like miniature 
cannon balls across the gap and bombard 
the target. They are stopped and their 
energy converted to X-radiation which 


The 


laboratory has three complete apparatus 


passes out through the tube walls. 


units with which it is possible to obtain 
X-ray photographs of twenty or more 
specimens simultaneously. The ex- 
posures range from a few minutes to as 
many as one hundred hours, depending 
upon the material. Another tube which 
depends upon residual gas instead of a 
filament for operation produces so pow- 
erful a beam of X-rays that results are 
obtained in only about one tenth the 
time usually required. An 
spectrograph makes it possible to 
several diffraction methods, depending 


ingenious 


use 
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upon the material and the type of infor- 
mation desired.t Still another X-ray 
unit in the chemistry department 
being devoted solely to further study of 
the new element illinium, discovered by 
Professor B. S. 


Some of the interesting problems under 


is 


Hopkins and associates. 


investigation on the structure and prop- 
erties of materials will be considered in 
the next section. 


III 

We have now found that X-rays lead 
us from information concerning the in- 
terior structures of material to 
knowledge of ultimate fine structures far 
beyond the power of any microscope. 
Nature has built all solid crystalline 
matter according to so orderly a plan 
that all the atoms and molecules lie on 
parallel planes which are spaced at dis- 
tances which compare with the short 
wave-lengths of X-rays. Thus crystals, 
each one in its own definite character- 
istic fashion, diffract X-rays just 
finely ruled lines on glass diffract ordi- 
nary light. We are able to deduce the 
structure and size of the unit erystal cell 
serving the architectural pattern 
which upon multiplication in all direc- 
tions builds up the visible crystals. We 
determine the size, shape and constitu- 
tion of the single brick in an apparently 
homogeneous structure hundreds of mil- 
lions of times larger. If this brick is 
slightly deformed by stress the X-ray 
patterns indicate it. If the material is 
a single crystal grain with all the tiny 
ultimate units perfectly aligned, or if it 
is a powder or aggregate of small grains 
chaotically heaped together, or if it is an 
aggregate with the grains oriented in a 
common direction as in asbestos or cot- 
ton fibers, or metal wires or rolled sheet, 
the X-ray patterns are perfectly charac- 


OTOSS 


as 


as 


1A complete description of the laboratory 
illustrated with photographs of apparatus and 
typical diffraction patterns is presented in a 
paper in Industrial and Engineering Chemistry, 
20, December, 1928. 
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teristic. 






fundamental 


in? 


ent types of 
which may be ascertained from 
tion data, and thes« 


est sense for the actual behav 


terials. 


account in 1 


So rapid has been the growt!] 


chemical 


science 


ol 


X-rays tl 


t 


There are some twenty 


than 500 kinds of erystals have bi 


gularly analyzed, ranging in com 


I 
from common salt or al 
minerals* 
Prior to X-ray an: 


compl x silieate 


compounds. 


chemist’s 


knowledge of 


and 


the 


uminum 


SUI 


LIO?r] 


was decidedly limited and he st: 


avoid this by melting or diss 


substance before he attempted to « 
Now he is trying to ery 


thing. 


everything and determine the str 
as our knowledge advances of t! 
ingly orderly forces which hold 


and 
space. 


molecules 


in 


1 


} 


with the erystalline architectur: 


all 


most 


We 


the useful 


understand that 
malleability of aluminum, copper, ¢ 
silver, and the brittleness and hard 
of chromium, tungsten or molybd 


metals 


are properties directly related 


plan of building in the unit eryst: 


and 
the ductility 


f 


marshaled art 
We are now thoroughly 





( 


can picture exactly from the X-ra: 
how zine atoms elbow their way 


little unit cubes of copper 


and 


push the sides of the tiny structur 


tu form brass. 
kinds of solid iron: a, B, y, 


We 


now recog? 
| 


> 
6, a 


T)E 


upon the temperature and differ 


magnetic properties, but X-rays 
have exact 


that a, B 


\ 
> 
- 


and 


iron 
same crystalline structure, and t] 


netism is therefore not a property 
ing in erystalline structure. 


whole problem of the constituti 
range of stability of metals : 
coming to be known and properties 
nitely predicted. 


2 The 


tory. 


compound 


] 


And now, in : 


_ 


4U 


H,[Si0,W,,0,,(0H 


been analyzed recently in the writer’s ! 


ind all 





er expel 
In and 
this backer 
better 

ate and the 
ills of 

ler, then, that there is kindled 

worker a burning enthusiasm whicl 

s him on to explore new fields of 

cation for this great science 

sa common belief that heat-treat 

netals for a long time at low tem 

itures in order to remove strains and 

tional properties achieves the same 

ts as annealing for a short time at Every meta 


temperatures. New X-ray studies ness in our 


that this precept is far from true, ject for X-ra 


‘ularly for silver and copper. In and then on 
‘esence of five hundredths of one been touel 
ent. of iron the recrystallization spac 
ature of silver is brought down to _ tion 


temperatures, and all silverware — studies 
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being made in the laboratory at the 


University of [llinois and elsewhere. 
Asbestos: A clear differentiation be- 
tween humerous varieties appearing out 


wardly the same but differing widely in 


practical behavior, and a method of 


identifving the mines from which va 


rious specimens of the same type come; 


Lime: Discovery of the cause of plas 
ticity and methods to render non-plastie 
lime useful; 

Enamels and piqments: Composition, 


particle size and erystallization as fune 


tions ol covering power, tint. wear, 


ete 


Lubrication: A definite knowledge of 


mechanism in the lining-up of long 


grrease molecules in successive layers like 
a stack of carpets with the pile of each 
carpet representing the molecules which 


} 


slide over each other instead of one 
metal surface on another: 

Wa €S, SOUPS, alcohols and other or 
ganic compounds: The analysis of erys- 
talline structure, actual measurement of 
the sizes of molecules, the testing and 


verification of the structural theories of 


organic chemistry (as for example, ab- 
solutely definite proof of the benzene 
ring 

Ceramic materials: Construction, trans- 
formations and internal strains, as in 
spark plugs; 

Rubber: The discovery that this re 
markable substance develops a crystal- 
like fiber pattern upon stretching (as 


does also a muscle 


which removes much 


t} 
I 


fiber), anal: 


of the eo 


from our scanty knewledge 


¢ 


ment ot a method ol 


Strete! ne 


10,000 per cent. to threads insol 


the solvents which usually dissol 


ber easily; and the 
i 


these unique eriteria 


artificial or synthetic 


I 


l 


establishn 
ever vet ft 


‘ubber ; 


Textile $y The behavior and (t 


tion of the erystallin 


lose and silk, and th 


vastly improved type of ra 


Catalysts: The dedueti 


T 


constitution and particle size 


pressure synthesis of 1 


produets. 


lec 


Gelatine, biological 


thanol 


\ 


structures 


materials, paints, nitrocellulose 


sives, lacquers and 


transparent 


pers, paraffin, the cause and pri 
leather, liq 


of cracking of patent 


all kinds, carbon, cement, ad! 


paper, the tiny objectionable stor 


pears, electroplating, 


; 
I 


ood prod 


of these and many more matet 


vielding their secrets of constitut 


of their good or bad practical bel 


in everyday use to 


1 


he 


X-rays. Though these rays m 


mysterious ways thei 


r 


wonders 


form, they are serving mankind 


day in the cause of 


better health, better 
universe ordered by 


gence. 


a 
< 


better mat 


cnowledge 


supreme 





QUIPMENT FOR MEASURING LIGHTNING 
VOLTAGES 


r 
H 
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By EDWARD BECK 


OUSE ! tlt D 


USE Ol the great expansion Of ¢ lee 


ower systems during the past ten 
s, the disturbances caused by thun 


storms have assumed such impor 
that much effort is being expended 


dies of their characteristics. The 


sturbaneces which are generated in the 
es of a transmission line are exceed 


high voltages which may change 
rate of hundreds of thousands of 


is Ih a milliont! ot a second, hese I 


A Abnormal 


mAaALCS COLLDIE 


tages are known as transients. 


transmission 


wledge of their exact characteristics 


great importance. In order to ob communical 


It, IS hecessary To reeord ( 





nt in its entirety. As the tran- 
may pass in a few millionths of a 


} 
; + 


eond and sinee the time of its oceul 
ean not be foretold, the making of 

a record appears to be extrem L\ 
icult. As a matter of fact, it has 
impossible until recently except in 
aboratory under controlled condi 
ns. Studies on actual transmission 
es during their normal! operation have 
en made possible by the cathode ray 
llograph developed by Dr. Harold 
rinder, a Swedish scientist and a con 
ting engineer for the Westinghous« 
etrie and Manufacturing Company, 
has the distinction of being the first 





ke records of lightning transients 





transmission lines. 
Norinder eathode ray oseillo 
makes a record on a photographie 
the entire transient disturbance 
ts very beginning to its end. As 
dealing with periods of time 
HIGH VOLTAGE SOURCE FOR GENERA 
TION OF CATHODE BEAM 


red in millionths of a second, the 
of the oscillograph must be ex 

rapid. The ordinary instru IEW, SHOWIN 
vith mechanical moving parts are 
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mediately a force on the eathode 
beam. Since it has no inertia, it imme 
diately is deflected, thereby drawing a 
line on the photographie film, thus mak 
Ing a permanent record of the lightning 
disturbanee. 

The complete cathode ray oscillograph 


IS about seven teet long a 


d Welghs ap 


rH 


pounds. It 


proximately two hundred ] 
may appear strange that an instrument 
ese proportions will make such deli 

cate measurements; nevertheless it is a 
| it will respond with the great- 

of sensitivity the most 
rapidly changing phenomena. In order 

te 


To operate the instrume nt. 1f Is nee ssary 


to produce il sick ol it LIS ay am ot ( lee 
trons. This is done by applying a high 
tutes » catiedie RECORD OF A TRANSIENT 


rRANSMISSION LINI 


unidirectional voltage 


| + 4+ 


located at the extreme t the instru 
ment and an anode slightly below thi 
No 


e eleetron stream eene rated 
od passes through a small 


} : ‘ + 
anode and eontinues to the 





photograp! 
oscillograp! 


1 


the beam 


elecetrostat 


are determined by 
turbance A cathode bean 
duced only in an extremely 


pressure. It is fore 





exhaust the insid 

tO a pressurt 

1/200,000th of the outside air 
cure this low pressure and to 
it in the oscillograph requires 





efficient system of vacuum pum} 
pumping system is one of thi 
portant accessories to the osei 
Without a reliable one, the inst 
may fail to work at critical m 





Generally, two stages of pumps : 

a the first a so-called rough pum] 

CATHODE RAY OSCILLOGRAPH will produce a fairly low pressu 

USED TO SECURE LIGHTNING RECORDS. THis 1s e@Xhausting into the open air. 1 
THE FIRST INSTRUMENT DEVELOPED TO GIVE COM ond stage is a Holweck hig! 

PLETE AUTOMATIC RECORDS OF TRANSIENTS ON pump which exhausts into the lo 
ELECTRIC SYSTEMS. sure created by the first pump 
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The Osel loevral 


o” system, 1 ] ili requ red 


rt must 1 


60,000 volts, and must 
»btained by means 
igh voltage reet 
nt drawn from 


re r ol a traction ¢ 


| order to obtain a 


se transients, Showing 


which are involve a, 





ave a timing axis appear on 





‘relatively slow phenomena, this axis 
be secured by rotating the film on 
evlindrieal drum. The drum used has 
ipheral speed of about 12,000 feet 
minute. For the very rapid tran 
ts, much higher speeds are necessary 
ese can not be obtained by mechanieal 


ns. For this purpose, the film is left 





mary, and the leetre beam is 
ised to travel back and forth across 
film at a predetermined rate, usually 
means of a high rrequeney oseillator 
hich impresses a deflecting voltage on 
beam at right angles to the system 


ducing the voltage de flection. The 

‘illator used for this purpose is very P@'s 
to the oscillators used in radio V#luable da 
Its frequency is readily ad ire being 
} been made 


between wide limits, and by its 
on a 154.000 \ 





are klydonogra} 
alarm ¢ireuits 
The ] 
whic 
sient voltage oceurt 


sion link MW 





details as 


OR FOR TIMING AXIS Until the 





osell ovTal 
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most important instrument for investi- 


lightning disturbances on 
transmission lines. Now it supplements 
the data obtained by the oscillograph by 


vation ol 


measuring the surge voltages oceurring 
at different 


sion lines being investigated. 


points along the transmis 


The OSI1SO is a small oscillograph used 
for the 
In the lightning test it is used to loeate 


recording of voltages or currents. 


the position of the lightning stroke. It 
is accomplished by measuring the tim 
interval between the lightning stroke and 
the arrival of the thunder noise at the 
Microphones trans- 
the thunder 


which 


observation station. 
late the 
electric 


noise ot into 


currents are recorded 
The time whieh elapses 
the 
interval be 
the 


recording of the 


. ' 
on the OSISO. 


stroke and 
the 
recording of 

the 


between the lghtning 


thunder is shown by 
the 


disturbance 


tween electrical 
and 
thunder noise. 
Further information about the light- 
ning stroke is secured by means of a 
photograph 
A lightning 
the 
horizon will record its appearance on a 
photographie plate. In conjunction with 
the data obtained with the cathode ray 


special camera which will 
the entire horizon at once. 
above 


stroke occurring anywhere 


MONTHLY 


oscillograph, it is hoped that sor 


tion will be found between t] 


characteristie lightning strokes. 


cation relative to the transmiss 
and the disturbances which th: 
lines. 


recel\ ing 


on these 
Radio 
form ot 


sets 


and 
transient relay whic 
bell are employed to announeé 


When sue 


is received, all the apparatus 1s 


proach oft a storm. 


; 


operation and the oscillograp) 
that it may be ready when th 
rives. 
There aré 
with the field 


many details in 


laboratories w 


interest. SUC iS the special IY 
| 


Cons! 
obt: 


pow 4 


which are involved in the 


of the laboratories, the 
adequate supplies of 
and 


The objects ot 


communication between 


most interest, 
are the newly deve loped piece SO 
ment such as have been deseribe: 
foregoing paragraphs. 
With this equipment 
the 
lightning 
next few 
unknown 


now 


intensive studies being m 
phenomena will wit 
clear up 


involved In 


years many 
factors 


disturbances 
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THE CONVOCATION WEEK MEETING 


fe meetings of the American Asso 


on for the Advancement of Science 


of sixty-four associated scientific 
eties held during the week following 
ristmas fulfilled all the 
le by the president, Dr. Henry Fair 


s 


predict Ons 


| Osborn, in the article printed in the 
st number of this magazine. It indee 
surpassed them, for by common consent 
re has not hitherto been held in this 
ntry and perhaps not elsewhere a 
eting at which so many contributions 
re presented by so many scientific 
n, or at which the arrangements for 
ir scientific programs and their en 
rtainment were so complete. 
The approximate figures are 2,200 
papers and addresses presented by 1,900 


lifferent individuals at 250 sessions 


fhe registration was about 4,000; the 


total attendance perhaps 50 per cent 
arger. The printed program extended 
to 300 pages; an examination of the 
titles indicates how completely the whole 
field of modern science was covered by 
the researeh papers and by the addresses 
and sessions of general interest. 

A special feature of the meeting was 
the series of lectures arranged by Presi 
dent Osborn at the American Museum 
of Natural History, followed every eve 
ning by a reception with the opening of 
the whole museum on the first evening 
and of the halls appropriate to the lee 


a 
res on subsequent evenings. The 
ectures in the evening and in the late 
ternoon were by the most distin 
+ ished American men of science the 
ring president of the association, 
Professor ae a Noves, on chemistry ; 
Professor Charles P. Berkey, on Asiatic 
oration; Professor Arthur H. Comp 
— ton, on phy SCS: Professor William Mor 


Wheeler. on biology : 


Shapley, on astronomy ; 


Professor Har 
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Smithson 
In 1900 
er, as under t 
s Woodward, The 
niversity and later president 
Carnegie Institution 
then only 1200 members 
ssoclation:; the increas the present 
7.000 was in large measure due to the 
tion taken at that meeting in estab 
iw Ncience as the official journal ot 
association. The convocation week 
ting of 1906 was held in December 
nder the presidency of Dr. William H 
long dean of the medical school 
the Johns Hopkins University, leader 
the development of seientifie medi 
Ten vears later Dr. Charles R 
Van Hise, the distinguished geologist, 
resident of the University of Wiscon 
n, presided. At about that time it was 
rranged that meetings should be held 
ce in twelve years in New York and 
the intervening four-vear periods in 


Washington or in Chicago. These are 


THE PRESIDENT OF THE 


Tue distinguished line of succession 
the presidency of the American As 
iation was continued by the election 
Dr. Robert A. Millikan to follow Dr. 
Fairfield Osborn It was an 
secret among scientific men that 

t came the turn to elect a physicist 

ld be Dr. Millikan. The nomi 
ting mail ballot from all members of 
association was nearly unanimous 
in the ease of those who did not 
stand that there is a poliey ol 
tion between the physical and 
sciences or who cast a compli- 


ballot for a biologist. 


vice-preside! 
Kull aecouw 
pared by the 


association 
secretaries  ¢ 
associated soc 
the issues of 
and February 
tained 
The assoclatiol 
journal regular 
remit the cost, 
he permanhe 
lation in the 
Building, Wasl 


AMERICAN ASSOCIATION 


Dr. Millikan is one 


can men OT Sclence 


carry forward resea 
order while at the 
engaged in pub 
For example 

Coast To attend 
National Academy 
vember and agall 
the meeting ot 
tion He is 
National Aca . 
National heseal 
American member 


intellectual cooperatio 
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DR. OLIVER KAMM 
panttnn: @enste, Bess amp Cane 
rHE AMI \N ASSOC! 


AS MADE TO Dr. KAM™M 


WHICH HI KE 


Nations. His great executive work has a wide field 


from the eleetron 
been in establishing with Dr. George relation betw 


10 ve | 
Cet) SCleICt and 


Ellery Hale the California Institute of The best known of his resea 


Technology as one of the world’s chief earlier of whic! 
centers of scientific research. The in of a Nobel 
stitute has provided two of the three last lowing 
presidents of the American Association 


and it may provide the next two The 
{ 


! 


won him the rar 


prize, are probably 


fornia Institute has no president, 
Dr. Millikan being chairman of the 
xecutive council as well as director of 
Norman Bridge laboratory of count 
‘Ss weight of 
Millikan is the author of an even much cert 
books, alone or in cooperation counting th 


Ss colleagues in physics, covering 2) The 
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1 of the fundamental radiation 
ant known as Planck’s h, which 
tuted the first direct experimental 
lishment of the validity of an equa 
which Einstein had suggested in 
and which has how become 
“ely second in importance the 
tromagnetic theory of the equations 
faxwell. 
}) The study of Brownian move 
ts in gases constituted one of the 
trongest links in the chain of evidence 
hich finally silenced all opposition to 
atomie and kinetic theory of matter 


an opposition actively led by Ostwald 


formally renounced by him about 


with specific reference to the 
studies of Dr. Millikan and his pupil 


!) The work on the extension of the 
tra-violet spectrum reported in a series 
papers from 1920 to 1923 pushed the 
mits of explored rTrequencies in the 

iltra-violet two octavos farther down 
his studs completed the work begun by 


Moseley ll establishing the order 


rogression or ot evolution of the 
ments by means of the only com 
letely reliable agency now available for 
etermining that order, namely, the 
‘haracter of the radiation emitted by the 
onstituent electrons within the atom 

5) The discovery reported in 1923 
{**The law of motion of a particle fall 


ng toward the earth after it enters the 


MEMORIAL TO LOUIS 


A MEMORIAL to Louis Pasteur was 
edicated Saturday, October 27, 1928, in 
(irant Park, Chicago. The memorial is 
monument twenty-eight feet high, and 

nsists of an ornamental shaft upon 
whieh is placed a bust of the great scien 
tist which is an excellent likeness of the 

The base is twenty-two by twenty 
et, and both base and monument 
Carrara marble. 

memorial is located at the west 
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matels one thousand contribu 

eluding members ol the medical Bil 

on, me mb rs ot Ch Cagzo bre nen Mi morial 

S and other organizations as we sor Ludvig 
y individuals 

ie back of the haft is a bro 


‘+h earries thi 


BASHFORD DEAN 


BASHFORD DEAN, nprotessor oO 
in Columbia | hiversity, hono}l 
ot fishes in the American 
Natura History, 
arms and armol 
the Metropolitan Museum o chthvolog 
ied at Battle Creek, Michigan, the work of Newb 
6, 192. aged sixty-one years armored — shar 
Dean's interest in the two sub 
ts, armor and fishes, in each of whicl 
became a world authority, was mani-  garpik 


4 


St eariy in 1i¢ at or betore he ave lower 


seven. At the age of nineteen li equa 


aduated trom the (C‘ollea oft the City o2y 


New York. He then entered Colum sharks 
a University, where he studied fossil ished simila 


shes under Dr. J. S. Newberry, and he Port 
whenee he graduated with the Ph.D. de frilled shi 
in 1890, his dissertation being en work is 
tled ‘*Pineal Fontanelle of Placoderm L905 
d Catfish.’’ As curator 


In 1886, Dean was appointed tut 
1] 


itural history in the College of the City Museum covering the period 1903-1910 


New York. In 1891 he was made in- Dean planned and alled the hab 


or in wards of ichthyvo 


in 1896 adjunct professor, and groups of foss 
1903 professor of vertebrate zoolog\ Ganoids and other fi 
umbia University. During these can Museum which 
e made extensive investigations for museum exhibits 
U. S. Fish Commission into the this time he began th 
s of artificial oyster eulture in ical work which resulted 
est Europe and in Japan, becom-_ tion of the great three-volume 
iuthority on this subject. raphy of Fishes’’ (1916, 1917, 1923 
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for which he 


Elliott 


the American Museum, 
was awarded the D. G 
1923. 

In 1910, 
Dean was made a Chevalier de 
his 


medal in 


because of his eminence in 


zooloe\ - 


la Légion Resigning 


d’honneur. 


curatorship in the American Museum in 


Was made curator of arms 
the Metropolitan Museum, 
there which 


the 


this vear, he 
and armor in 


and built up a ecollection 


to-day ranks fourth of all in world, 


other is arranged on a 
When 
War, 


Was 


and unlike any 


our 
Dean 


Coln 


basis 
World 
and 
Ordnance De 


evolutionary 
the 
service 
major in the 
He studied 


in Europe and engaged 


strictly 
country entered 
volunteered for 
missioned 
partment conditions ot 


trench wartare 


THE SCLENTIFIE 


MONTHLY 


ror 


in extensive experiments 


helmets and body armor 


sudden ending of the war ¢: 
final work in the Metropolitan 
a ** Bibliography of Arms and 


is nearly ready for the press 


Dr. Dean was an exceeding!) 
and versatile man, who, despit 


long handicap of frail health, 


[lis 


were a 


prodigiousls outstand 


acteristics devotion 


and a love ot the 
designed, 


| ] 


hand qaecora 


retirement he 


his 


with his own 
Gothie 


at Riverdale, New 


addition 


York In 
installation of his 


hall as an 


begun the 


lection of armor, when his ¢: 


beautiful in ai 
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